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ABSTRACT
We present the first catalog of active galactic nuclei (AGN) detected by the LAT,
corresponding to 11 months of data collected in scientific operation mode. The First
LAT AGN Catalog (1LAC) includes 671 γ-ray sources located at high Galactic lat-
itudes (|b| > 10◦) that are detected with a test statistic (TS) greater than 25 and
associated statistically with AGNs. Some LAT sources are associated with multiple
AGNs, and consequently, the catalog includes 709 AGNs, comprising 300 BL Lacer-
tae objects (BL Lacs), 296 flat-spectrum radio quasars (FSRQs), 41 AGNs of other
types, and 72 AGNs of unknown type. We also classify the blazars based on their spec-
tral energy distributions (SEDs) as archival radio, optical, and X-ray data permit. In
addition to the formal 1LAC sample, we provide AGN associations for 51 low-latitude
LAT sources and AGN “affiliations” (unquantified counterpart candidates) for 104 high-
latitude LAT sources without AGN associations. The overlap of the 1LAC with existing
γ-ray AGN catalogs (LBAS, EGRET, AGILE, Swift, INTEGRAL, TeVCat) is briefly
discussed. Various properties—such as γ-ray fluxes and photon power law spectral
indices, redshifts, γ-ray luminosities, variability, and archival radio luminosities—and
their correlations are presented and discussed for the different blazar classes. We com-
pare the 1LAC results with predictions regarding the γ-ray AGN populations, and we
comment on the power of the sample to address the question of the blazar sequence.
Subject headings: gamma rays: observations — galaxies: active — galaxies: jets — BL
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Lacertae objects: general
1. Introduction
The Gamma-ray Large Area Space Telescope was launched on 2008 June 11. It began its
scientific operations two months later, and shortly thereafter, it was renamed the Fermi Gamma-
ray Space Telescope. Its primary instrument is the Large Area Telescope (LAT; Atwood et al. 2009),
the successor to the Energetic Gamma-Ray Experiment Telescope (EGRET) on board the Compton
Gamma-Ray Observatory (Thompson et al. 1993). The LAT offers a major increase in sensitivity
over EGRET and the Italian Space Agency’s Astro-rivelatore Gamma a Immagini Leggero (AGILE;
Tavani et al. 2008), allowing it to study the γ-ray sky in unprecedented detail. In sky survey mode
(Fermi’s main observing mode), the LAT observes the entire sky every 3 hours, providing effectively
uniform exposure on the timescale of days.
One of the major scientific goals of the Fermi mission is to investigate high-energy emis-
sion in active galactic nuclei (AGNs). Although it is generally accepted that the γ-rays detected
from blazars are emitted from collimated jets of charged particles moving at relativistic speeds
(Blandford & Rees 1978; Maraschi et al. 1992), open questions remain. The mechanisms by which
the particles are accelerated, the precise site of the γ-ray emission, and the origin of AGN variability
and the γ-ray duty cycle of blazars are not well understood. The physical reasons for the obser-
vational differences between radio-loud and radio-quiet AGNs and between FSRQs and BL Lacs
are also unclear. LAT observations of blazars and other AGNs are already helping to address
these and other issues. Several in-depth spectral and/or multiwavelength studies of specific blazars
(e.g., Abdo et al. 2009b,h; Aharonian et al. 2009) and of non-blazar radio galaxies (Abdo et al.
2009c,d,g) have been performed.
The high sensitivity and nearly uniform sky coverage of the LAT make it a powerful tool for
investigating the properties of large populations. The first list of bright AGNs detected by the LAT,
the LAT Bright AGN Sample (LBAS; Abdo et al. 2009a) included bright AGNs at high Galactic
latitude (|b| > 10◦) detected with high significance (TS > 100, or &10σ) during the first three
months of scientific operation. This list comprised 58 FSRQs, 42 BL Lacs, two radio galaxies, and
four AGNs of unknown type. Following the models used to describe the γ-ray spectra obtained
with previous γ-ray observatories (e.g., Mattox et al. 1996), the early analysis reported in the LBAS
was carried out by fitting the γ-ray spectra at energies above 200 MeV using a simple power-law
model. This analysis revealed a fairly distinct spectral separation between FSRQs and BL Lacs,
with FSRQs having significantly softer spectra. The division between the two classes was found to
be at power law index Γ ≈ 2.2. It has been suggested (Ghisellini et al. 2009) that this separation
results from different radiative cooling of the electrons due to distinct accretion regimes in the
two blazar classes. The γ-ray spectral properties and time-resolved multifrequency spectral energy
distributions of LBAS sources were further investigated in Abdo et al. (2010a,j).
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Here, we report on a larger AGN sample detected after 11 months of scientific operations. The
LAT first-year catalog (1FGL; Abdo et al. 2010b) contains a total of 1451 sources detected with
TS > 25, and 1043 of these are at high Galactic latitudes (|b| > 10◦). We present a catalog of the
high-latitude 1FGL sources that are associated with blazars and other AGNs. We refer to this as
the First LAT AGN Catalog (1LAC). In addition to the 1LAC, we also provide, where possible,
AGN associations for low-latitude LAT sources and AGN “affiliations”—candidate counterparts
for which a quantitative association probability could not yet be computed—for unassociated high-
latitude sources.
In Section 2, we describe the observations by the LAT and the analysis that led to the first-year
catalog. In Section 3, we explain the method for associating γ-ray sources with AGN counterparts
in a statistically meaningful way, present the results of this method, and describe the two schemes
for classifying 1LAC AGNs. Section 4 provides a brief census of the 1LAC sample. Section 5
summarizes some of the properties of the 1LAC, including the γ-ray flux distribution, the γ-ray
photon spectral index distribution, the γ-ray variability properties, the redshift distribution, and
the γ-ray luminosity distribution. In Section 6, we describe the multiwavelength properties, from
radio to TeV, of the 1LAC AGNs. We discuss the implications of the 1LAC results in Section 7
and conclude in Section 8.
In the following, we use a ΛCDM cosmology with values within 1σ of theWilkinson Microwave
Anisotropy Probe (WMAP) results (Komatsu et al. 2009); in particular, we use h = 0.71, Ωm =
0.27, and ΩΛ = 0.73, where the Hubble constant H0 = 100h km s
−1 Mpc−1. We also define the
radio spectral indices such that S(ν) ∝ ν−α.
2. Observations with the Large Area Telescope — Analysis Procedures
The γ-ray sources in the 1LAC are a subset of those in the 1FGL catalog; we summarize here
the procedures used in producing the 1FGL catalog. The data were collected from 2008 August 4 to
2009 July 4, primarily with standard sky-survey observations. Only photons in the “Diffuse” event
class1 with energies in the range 0.1-100 GeV were considered in this analysis in order to minimize
contamination from misclassified cosmic rays (Atwood et al. 2009). This photon class is described
in more detail (comparison to the class used in the Bright Source List (BSL; Abdo et al. 2009f)
paper, systematic uncertainties) in Abdo et al. (2010b). To minimize contamination from γ-rays
from the Earth’s limb, photons with incident directions greater than 105◦ from the local zenith
were removed. In addition, time ranges during which the rocking angle of the LAT was greater
than 43◦ were excluded from the data set because the bright limb of the Earth entered the field of
view. This rocking angle limit removed only a small fraction of the data, with the excluded time
intervals occurring during occasional 5-hour pointed observations at larger rocking angles (γ-ray
1See http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/Cicerone Data/LAT DP.html .
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burst [GRB] afterglow searches) and during even briefer intervals related to Sun avoidance during
survey mode observations. A few minutes were excised around two bright GRBs (GRB 080916C
and GRB 090510). The few time intervals with poor data quality, flagged as anything other than
“Good” in the pointing/live time history (FT2) files, were also excluded. The resulting data set
includes 245.6 d of live time. The standard Fermi-LAT ScienceTools software package2 (version
v9r15p2) was used with the “P6 V3 DIFFUSE” set of instrument response functions.
The source detection step made use of two wavelet algorithms, mr filter (Starck & Pierre
1998) and PGWAVE (Ciprini et al. 2007), as well as tools that maximize a simplified likelihood
function (pointfind; Abdo et al. 2010b) and that implement a minimum spanning tree algorithm
(Campana et al. 2008). The intention in using a variety of algorithms to generate a list of “seed”
positions for sources was to keep the source-detection step from being a limiting factor in the anal-
ysis. As described in the 1FGL paper, the algorithms were run independently for different energy
ranges to find both soft- and hard-spectrum sources. Yet more seeds were introduced from the
Roma-BZCAT (Massaro et al. 2009) and WMAP (Hinshaw et al. 2007; Giommi et al. 2009) cata-
logs if no nearby LAT seeds were present. The seeds were essentially candidate sources, and each
was evaluated in detail in the subsequent steps of the 1FGL catalog analysis using the standard
gtlike tool to arrive at the final list.
The Galactic diffuse background model consistently employed throughout the analysis is the
currently recommended version (gll iem v02), publicly released through the Fermi Science Support
Center3. The isotropic background (including the γ-ray diffuse and residual instrumental back-
grounds) model was derived from an overall fit of the diffuse component over the |b| > 30◦ sky.
The Galactic diffuse model and corresponding isotropic spectrum are described in more detail in
documentation available from the Fermi Science Support Center.
To evaluate the source significance, we used the maximum-likelihood algorithm implemented
in gtlike. For the 1FGL catalog, a threshold of 25 was adopted for the test statistic (TS) from
the gtlike likelihood analysis. Sources found to have TS > 25 were included in the 1FGL catalog.
This corresponds approximately to a minimum significance of 4.1σ. Figure 1 displays a sky map,
in Galactic coordinates, of the flux limit for photon spectral index Γ = 2.2 and TS = 25. The
anisotropy (about a factor of 2) is due to the non-uniform Galactic diffuse background and non-
uniform exposure (mostly arising from the passage of the Fermi satellite through the South Atlantic
Anomaly). For soft sources, source confusion decreases the sensitivity to some extent (Abdo et al.
2010b).
The flux, photon spectral index (Γ), and test statistic of each source in the energy range
0.1-100 GeV were determined by analyzing regions of interest (ROI) typically 12◦ in radius. The
model of the ROI used to fit the data was built taking into account all the sources detected within a
2http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/
3http://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html
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given ROI. The fluxes in five bands (0.1-0.3, 0.3-1, 1-3, 3-10, and 10-100 GeV) were also evaluated,
with the photon spectral index held fixed to the best fit over the whole interval. The energy
flux was determined from these fluxes, resulting in better accuracy than would be obtained from
the power-law fitted function. For hard sources, the test statistics provided by the 10-100 GeV
band can be appreciable, which represents a notable difference with respect to EGRET, for which
the acceptance dropped sharply in this range. The departure of the spectrum from a power-law
shape can be estimated via a simple χ2 test on the five fluxes, referred to as the curvature index
(Abdo et al. 2010b).
A TS map—a 2-dimensional array of likelihood TS values evaluated at a finely spaced grid
centered on the direction of a γ-ray source—was generated for each source using pointfit. TS values
are determined for each grid position independently by maximum-likelihood fitting of a test point
source. From the TS maps, elliptical fits to the 95% confidence source location contours were
derived; for this, the decrease of the TS away from the maximum-likelihood position of a source
is interpreted in terms of the χ2 distribution with two degrees of freedom (the coordinates of the
test source). The semimajor and semiminor axes of these ellipses were multiplied by 1.1 to account
for systematic errors, which were evaluated by comparing the measured positions of bright sources
to the known positions. The fiducial 95% error radius (the geometric mean of the semimajor and
semiminor axes) is plotted against TS (derived as described above) in Figure 2. For each source, a
simple variability index was derived from the χ2 value of the monthly flux distribution with a 3%
systematic uncertainty included.
3. Source Associations
Any procedure for associating a γ-ray source with a lower-energy counterpart necessarily relies
on a spatial coincidence between the two. In the EGRET era, the problem of counterpart associ-
ations was made very difficult by the large γ-ray localization contours: the mean 95% error radius
for sources in the 18-month EGRET sky survey (Fichtel et al. 1994) was 0.◦62. The LAT offers
a great improvement in source localization, resulting in a mean 95% error radius of 0.◦15 for the
high-latitude 1FGL sources. (For comparison to LBAS, which included only sources with TS > 100
and had a mean 95% error radius of 0.◦14, the corresponding value for high-latitude 1FGL sources
with TS > 100 is 0.◦09.)
However, the LAT localization accuracy is not good enough to permit the determination of a
lower-energy counterpart based only on positional coincidence. A firm counterpart identification is
asserted only if the variability detected by the LAT corresponds with variability at longer wave-
lengths. In practice, such identifications are made only for a few sources (see Table 7 in Abdo et al.
2010b). For the rest, we use a method for finding associations between LAT sources and AGNs
based on the calculation of association probabilities using a Bayesian approach implemented in the
gtsrcid tool included in the LAT ScienceTools package and described in the BSL paper.
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3.1. The Bayesian Association Method
The Bayesian method (de Ruiter et al. 1977; Sutherland & Saunders 1992), implemented by
the gtsrcid tool in the LAT ScienceTools, is similar to that used by Mattox et al. (2001) to associate
EGRET sources with flat-spectrum radio sources. An earlier version of the method was used and
described in the BSL and LBAS papers. A more complete description is given in Abdo et al.
(2010b), but we provide a basic summary here. The method uses Bayes’s theorem to calculate the
posterior probability that a source from a catalog of candidate counterparts is truly an emitter
of γ-rays detected by the LAT. The significance of a spatial coincidence between a candidate
counterpart from a catalog C and a LAT-detected γ-ray source is evaluated by examining the
local density of counterparts from C in the vicinity of the LAT source. We can then estimate the
likelihood that such a coincidence is due to random chance and establish whether the association
is likely to be real. To each catalog C, we assign a prior probability, assumed for simplicity to
be the same for all sources in C, for detection by the LAT. The prior probability for each catalog
can be tuned to give the desired number of false positive associations for a given threshold on the
posterior probability, above which the associations are considered reliable (see Section 3.2.1). We
use a slightly different configuration of gtsrcid from that used for the 1FGL catalog. This allowed
us to assign multiple associations to a single LAT source and to find associations with probabilities
above 50% (compared with a threshold of 80% for the 1FGL associations).
Candidate counterparts were drawn from a number of source catalogs. The most important
ones are the Combined Radio All-sky Targeted Eight GHz Survey (CRATES; Healey et al. 2007),
the Candidate Gamma-Ray Blazar Survey (CGRaBS; Healey et al. 2008), and the Roma-BZCAT
(Massaro et al. 2009). The CRATES catalog contains precise positions, 8.4 GHz flux densities, and
radio spectral indices for over 11,000 flat-spectrum sources over the entire |b| > 10◦ sky. CGRaBS,
a sample of the 1,625 CRATES sources with radio and X-ray properties most similar to the blazars
in the Third EGRET Catalog (3EG; Hartman et al. 1999), provides optical magnitudes, optical
classifications, and spectroscopic redshifts. Roma-BZCAT is a list of blazars compiled based on
an accurate examination of data from the literature and currently includes over 2800 sources, all
observed at radio and optical frequencies and showing the observational characteristics of blazars.
A complete list of the source catalogs used by gtsrcid can be found in Abdo et al. (2010b).
The same association method can be used at low latitudes; most of the candidate counterparts
in this region are drawn from the VLBA Calibrator Survey (Beasley et al. 2002; Fomalont et al.
2003; Petrov et al. 2005, 2006; Kovalev et al. 2007; Petrov et al. 2008). These associations are
discussed in Section 3.2.2.
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3.2. Association Results
3.2.1. The First LAT AGN Catalog (1LAC)
The 1LAC comprises all high-latitude (|b| > 10◦) sources with an association from gtsrcid; the
full catalog includes 709 AGN associations for 671 distinct 1FGL sources and is shown in Table 1. An
AGN is in the “high-confidence” sample if and only if its association probability P is at least 80%;
this sample contains 663 AGNs. An AGN is in the “clean” sample if and only if it has P ≥ 80%, it
is the sole AGN associated with the corresponding 1FGL γ-ray source (as indicated by an “S” in the
last column of Table 1), and it is not “flagged” in the 1FGL catalog as exhibiting some problem or
anomaly that casts doubt on its detection. This last criterion eliminates 12 sources from the clean
sample: 1FGL J0217.8+7353, 1FGL J0258.0+2033, 1FGL J0407.5+0749, 1FGL J0433.5+3230,
1FGL J0539.4−0400, 1FGL J0540.9−0547, 1FGL J1424.5−7847, 1FGL J1702.7−6217,
1FGL J1727.9+5010, 1FGL J1938.2−3957, 1FGL J2212.9+0654, and 1FGL J2343.6+3437. All
figures presented here are for the clean sample, which contains 599 AGNs.
The LBAS associations included one LAT source that was associated with two radio counter-
parts. Abdo et al. (2009a) noted that, as the number of LAT detections increased, source confusion
was likely to be more of a problem, and indeed, the 1LAC includes 35 LAT sources that are associ-
ated with more than one AGN (for a total of 73 such associations). In cases of multiple associations,
we list each counterpart separately in Table 1 and indicate them in the last column of the table.
The prefix “FRBA” in the column of AGN names refers to sources observed at 8.4 GHz as
part of VLA program AH996 (“Finding and Rejecting Blazar Associations for Fermi-LAT γ-ray
Sources”). The prefix “CLASS” refers to sources from the Cosmic Lens All-Sky Survey (Myers et al.
2003; Browne et al. 2003).
Figure 3 shows the distribution of normalized angular separations between the γ-ray sources
and their AGN counterparts. The solid curve corresponds to the expected distribution for true asso-
ciations while the dashed curve represents the expected distribution for purely random associations.
These results provide confidence that most of the associations found are real.
The association probabilities can be used to estimate the number of false positive associa-
tions. In a sample of k sources with association probabilities Pi, the number of false positives is
Nfalse ≈
∑k
i=1(1− Pi). Among the 709 associations in the entire 1LAC, ∼30 are false, but of the
663 sources in the high-confidence list, there are only ∼14 false positives, and only ∼11 of the
sources in the clean sample are falsely associated. Additionally, there should be less than one false
positive among the 363 most likely associations in the whole catalog.
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3.2.2. Low-Latitude AGNs
A simple extrapolation, based on the global density of 1LAC sources on the sky and the
solid angle subtended by the Galactic plane region (|b| < 10◦), indicates that the LAT should be
detecting ∼150 AGNs at low Galactic latitudes. Diffuse radio emission, interloping Galactic point
sources, and heavy optical extinction make the low-latitude sky a difficult region for AGN studies,
and catalogues of AGNs and AGN candidates often avoid it partially or entirely. However, we are
able to make associations with 51 low-latitude AGNs; these are presented in Table 2. Although the
associations are considered valid, these sources have, in general, been studied much less uniformly
and much less thoroughly than the high-latitude sources at virtually all wavelengths, so we do not
include them as part of the 1LAC in order to keep them from skewing any of our analyses of the
overall γ-ray AGN population.
3.2.3. AGN “Affiliations”
For many of the 1FGL sources that are not formally associated with AGNs in the 1LAC, it is
still possible to find nearby AGNs or AGN candidates for which reliable association probabilities can
not (yet) be computed but which show some indication that they may be the correct counterpart.
For example, using the ASDC multifrequency tools4, we performed a visual inspection of the vicinity
of each unassociated 1FGL source. We considered objects inside the 95% error ellipse that showed
hints of any blazar properties, such as coincident radio and X-ray emission and indications in the
literature of variability, polarization, etc. For some sources, an optical spectrum, often from the
Sloan Digital Sky Survey (SDSS; Adelman-McCarthy et al. 2008), was available, allowing us to
classify them as BL Lacs or FSRQs. These sources have been evaluated by a method based on the
known logN − logS relationships of several types of AGNs (FSRQs, BL Lacs, flat-spectrum radio
sources, etc.). We also used the figure of merit methodology developed by Sowards-Emmerd et al.
(2003) and employed in the assembly of the LBAS source list; although we have discovered some
problems with the calibration of the probabilities calculated by this approach, most of the resulting
AGN associations seem likely to be legitimate. Both of these methods are being studied more
carefully, but we list all of the unquantified correspondences (which we call “affiliations”) derived
by them, along with some of the properties of the affiliated AGNs, in Table 3. In all, we find
109 AGN affiliations for 104 high-latitude LAT sources. We expect that future refinements to our
association methods will allow us to turn many of these into true, quantitative associations.
4These tools are available from the ASDC web site at the following URLs: http://tools.asdc.asi.it/ and
http://www.asdc.asi.it/ .
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3.3. Source Classification
3.3.1. Optical Classification
We classify each AGN according to its optical spectrum where available. Blazars are as-
signed optical classifications either as flat-spectrum radio quasars (FSRQs) or BL Lacertae ob-
jects (BL Lacs) using the same scheme as for CGRaBS. In particular, following Stocke et al.
(1991), Urry & Padovani (1995), and Marcha˜ et al. (1996), we classify an object as a BL Lac if
the equivalent width (EW) of the strongest optical emission line is < 5 A˚, the optical spectrum
shows a Ca II H/K break ratio C < 0.4, and the wavelength coverage of the spectrum satisfies
(λmax−λmin)/λmax > 1.7 in order to ensure that at least one strong emission line would have been
detected if it were present. Although other definitions of BL Lac objects are sometimes applied
(e.g., using the EWs of the [O II] λ3727 and [O III] λ5007 lines and/or different limits on C; see,
e.g., Landt et al. 2004), the definition used here can be applied over a large redshift range, with the
caveat that high-redshift blazars may be classified as BL Lacs or FSRQs using different emission
lines from those used for low-redshift objects. The classification of higher-redshift sources will pref-
erentially use lines at shorter wavelengths (e.g., Lyα λ1216 and C IV λ1549) than for low-redshift
sources (e.g., Mg II λ2798 and Hα λ6563). A few of the 1LAC sources (e.g., radio galaxies such
as Centaurus A and NGC 1275) that are not considered blazars are listed in Table 1 simply as
“AGNs”; these objects are discussed individually in greater detail in the following section. Sources
for which no optical spectrum was available or for which the optical spectrum was of insufficient
quality to determine the optical classification are listed as being of unknown type. Some redshifts
and source types given in Table 1 may differ from previously published results (generally from the
NASA Extragalactic Database5 [NED], SDSS, and/or Ve´ron-Cetty & Ve´ron 2006). We thoroughly
examined the data in the literature for accuracy and compatibility with our classification scheme,
and our reevaluations of these results are reflected in Table 1.
A substantial number of the redshifts and optical classifications presented in Table 1 are
from our own optical follow-up campaigns. Most of these come from spectroscopic observations
conducted with the Marcario Low-Resolution Spectrograph (Hill et al. 1998) on the 9.2 m Hobby-
Eberly Telescope (HET) at McDonald Observatory. Other facilities that have contributed optical
results include the 3.6 m New Technology Telescope at La Silla, the 5 m Hale Telescope at Palo-
mar, the 8.2 m Very Large Telescope at Paranal, and the 10 m Keck I Telescope at Mauna Kea.
These spectra will be examined in greater detail in a subsequent paper (Shaw et al. 2010). A
number of the HET redshifts were confirmed, and new results were obtained, with the 3.6 m Tele-
scopio Nazionale Galileo at La Palma. This work will also be detailed in an upcoming publication
(Piranomonte & D’Elia 2010).
5http://nedwww.ipac.caltech.edu/
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3.3.2. SED Classification
The 1LAC blazars are also classified based on the peak of the synchrotron component of the
broadband SED. In most cases, it is not possible to build a complete SED with simultaneous data,
so we follow the scheme outlined by Abdo et al. (2010j). This scheme is an extension to all blazars
of a standard classification system introduced by Padovani & Giommi (1995) for BL Lacs. We
estimate the frequency of the synchrotron peak, νSpeak, using the broadband spectral indices αro
(between 5 GHz and 5000 A˚) and αox (between 5000 A˚ and 1 keV). This method uses an analytic
relationship calibrated on the νSpeak values directly measured from the SEDs of the 48 sources
studied by Abdo et al. (2010j), who confirm that these sources are representative of the global
sample. This relationship is as follows:
log νSpeak =
{
13.85 + 2.30X if X < 0 and Y < 0.3,
13.15 + 6.58Y otherwise,
where X = 0.565−1.433αro+0.155αox and Y = 1.000−0.661αro−0.339αox. We use the estimated
value of νSpeak to classify the source as a low-synchrotron-peaked, or LSP, blazar (for sources with
νSpeak < 10
14 Hz), an intermediate-synchrotron-peaked, or ISP, blazar (for 1014 Hz < νSpeak <
1015 Hz), or a high-synchrotron-peaked, or HSP, blazar (for sources with νSpeak > 10
15 Hz). Figure 4
displays the locations of BL Lacs from the clean sample in the (αox, αro) plane. The data used for
calculating the broadband spectral indices were obtained mainly from Swift-XRT observations, the
NRAO VLA Sky Survey (NVSS; Condon et al. 1998), and the USNO-B1.0 catalog (Monet et al.
2003) and completed with data from Roma-BZCAT. It is evident from Figure 4 that γ-ray–selected
BL Lacs cover the region in this plane typically occupied by blazars selected at other frequencies,
such as radio and X-rays. Figure 5 shows the soft X-ray flux vs. the radio flux density at 1.4 GHz
for the blazars in the clean sample. As in LBAS, we find that the broadband properties of the
1LAC blazars are consistent with those of the parent populations of BL Lacs and FSRQs.
We note that the SED classification method assumes that the optical and X-ray fluxes come
from the non-thermal emission without contamination from the disk or accretion. For blazars in
which the thermal components are non-negligible, this method may lead to a significant overesti-
mation of the position of νSpeak.
4. 1LAC Population Census
Table 4 summarizes the breakdown of 1LAC sources by type for the full catalog, the high-
confidence sample, and the clean sample. The fraction of blazars (BL Lacs and FSRQs) that are
BL Lacs (51% for the high-confidence sample) is higher than in LBAS (39%) and much higher
than in 3EG (21%). As discussed in Section 5.1, for a given significance, BL Lacs can typically be
detected by the LAT at a lower flux than can FSRQs, which have softer spectra. The presence of
one ISP-FSRQ and one HSP-FSRQ warrants comment. The existence of higher-peaked FSRQs has
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not been definitively proven yet. We stress that the SED classifications given here can be improved
with simultaneous data, and for blazars in which the thermal components are non-negligible, it
may lead to a significant overestimation of νSpeak. Moreover, the average error on the γ-ray spectral
indices is 0.14, so it can not be ruled out that the candidate ISP- and HSP-FSRQs actually have
lower synchrotron peak frequencies and are consistent with the rest of the sample.
The distributions of synchrotron peak positions νSpeak are shown in Figure 6. The large fraction
of HSPs in the 1LAC sample contrasts sharply with the results from the 3EG sample, in which
most BL Lacs (>80%) were of the LSP type. This is also a consequence of the dependence of the
limiting flux on the spectral index (see Section 5.1 and Figure 9).
Figure 7 shows the sky locations of the sources in the clean sample. It is clear that the
distribution is not isotropic; there are more sources in the northern galactic hemisphere than in the
southern one. The Galactic latitude distributions for FSRQs and BL Lacs are shown in Figure 8
along with the corresponding distributions for the Roma-BZCAT and 1FGL. The anisotropy, defined
as (N+ −N−)/(N+ +N−), where N+ and N− are the number of sources at b > 10
◦ and b < −10◦
respectively, amounts to −4% (N+ = 135, N− = 146) for high-confidence FSRQs and 18% (N+ =
171, N− = 120) for high-confidence BL Lacs. For comparison, the sources in the 1FGL catalog are
very evenly distributed over the two hemispheres: 559 sources with b > 10◦ and 550 sources with
b < −10◦.
4.1. Misaligned AGNs
We have performed a search for possible associations between LAT detections and non-blazar
radio-loud sources (i.e., radio galaxies and steep-spectrum radio quasars) using three main low-
frequency surveys: the 3CR catalog (Bennett 1962; Spinrad et al. 1985); its revised version, the
3CRR catalog (Laing et al. 1983); and the Molonglo Southern 4 Jy Sample (MS4; Burgess & Hunstead
2006). These catalogs are flux limited (3CR: 9 Jy; 3CRR: 10.9 Jy; MS4: 4 Jy) and cover large por-
tions of the northern (3CR, 3CRR) and southern (MS4) sky. In addition, because these surveys
were conducted at low frequencies (3CR and 3CRR: 178 MHz; MS4: 408 MHz), they detect ra-
dio sources primarily in the relatively steep part of the synchrotron emission spectrum, which is
generally associated with the extended lobes rather than the compact cores.
As a result, these catalogs are particularly appropriate for selecting AGNs with jets misaligned
with respect to the line of sight. The sources in these surveys exhibit radio maps with resolved and
possibly symmetrical structures and steep radio spectra (αr > 0.5). At higher radio frequencies,
the distinction between blazars and misaligned radio sources can be less sharp as the compact core
emission (characterized by a flat or inverted spectrum) can emerge and dominate the optically thin
synchrotron emission from extended regions. In addition to Cen A (Abdo et al. 2009a), NGC 1275
(Abdo et al. 2009a,c), and M 87 (Abdo et al. 2009d), this search has resulted in the classifica-
tion of five LAT-detected sources as misaligned AGNs: three radio galaxies (NGC 1218 = 3C 78,
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PKS 0625−35, and NGC 6251) and two steep-spectrum radio quasars (3C 207 and 3C 380). The
properties of steep-spectrum radio sources detected by the LAT will be examined further in a future
publication (Abdo et al. 2010c).
Five other 1LAC sources have flat or nearly flat radio spectra between ∼1 GHz and 8.4 GHz
and strong emission lines in their optical spectra, but these lines are narrow, in contrast to the
broad emission features seen in FSRQs. Under the standard AGN unification paradigm (Antonucci
1993; Urry & Padovani 1995), this is interpreted as an indication that the jet axis is at a larger
angle to the line of sight than for a typical FSRQ. This causes the broad-line region to be obscured
by the dusty torus surrounding the central black hole, leaving only narrow lines in the resulting
spectrum, and such sources are commonly described as narrow-line radio galaxies (NLRGs). The
NLRGs appearing in the 1LAC are 4C +15.05, PKS 1106+023, CGRaBS J1330+5202, 4C +15.54,
and CGRaBS J2250−2806.
4.2. Radio-Quiet AGNs
Radio-loud narrow-line Seyfert 1 galaxies have previously been shown to be emitters of γ-rays
(PMN J0948+0022, Abdo et al. 2009g; B2 0321+33B, PKS 1502+036, and PKS 2004−447, Abdo et al.
2009i). There is a tentative indication that the LAT may have detected radio-quiet Seyfert galaxies
or radio-quiet quasars. Indeed, the 1LAC includes 10 radio-quiet AGN associations for LAT sources
(RX J0008.0+1450, 1WGA 0405.6−1313, CXOMP J084045.2+131617,
CXOMP J084054.3+131456, SDSS J112042.47+071311.5, CXOCY J113008.8−144737,
SDSS J125257.95+525925.6, SDSS J143847.94+371342.7, QSO J150255.20−415430.2, and
SDSS J155140.52+085226.1). In seven of these cases, however, the LAT source is also associ-
ated with at least one radio-loud AGN (a blazar or a radio galaxy) with higher probability, so
the γ-ray emission is very likely attributable to the radio-loud source. 1FGL J1120.4+0710 is
associated both with SDSS J112042.47+071311.5, a Seyfert 1 galaxy, and CRATES J1120+0704;
although the latter is of unknown type, it is a radio-loud source (probably a blazar) and is the likely
source of the γ-ray emission. The remaining two radio-quiet 1LAC associations, RX J0008.0+1450
and QSO J150255.20−415430.2, have association probabilities under 70%. More data and further
study will be necessary to establish whether these objects are indeed emitters of γ-rays.
4.3. Notes on Individual Sources
1FGL J0047.3−2512: This source is associated with NGC 253, a starburst galaxy previously de-
tected by the LAT (Abdo et al. 2010h). It has for some time been designated a Seyfert galaxy in the
Ve´ron catalog (most recently in Ve´ron-Cetty & Ve´ron 2006), but this classification is questionable
(see, e.g., Fo¨rster Schreiber et al. 2004). Engelbracht et al. (1998) determine that the LINER-like
characteristics of NGC 253 can be attributed entirely to starburst activity.
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1FGL J0339.1−1734: This source is associated with PKS 0336-177. The optical spectrum from
the final release of 6dFGS (Jones et al. 2004, 2009) shows no strong emission lines, but the Ca II
H/K break is too large to satisfy the criterion C < 0.4 for classification as a BL Lac.
1FGL J0405.6−1309: This source is associated with PKS 0403−13 (an FSRQ) and with
1WGA J0405.6−1313. Mason et al. (2000) classify the latter simply as an “AGN” but provide
the redshift (z = 0.226) based on the detection of three emission lines, including broad Hβ. The
source is radio-faint (undetected in NVSS) and likely a Seyfert galaxy.
1FGL J0627.3−3530: This source is associated with PKS 0625−35, which shows an FR-I radio
morphology. However, Wills et al. (2004) suggest a BL Lac classification for this object. They also
note that, in contrast with the other genuine FR-I sources in their sample, an adequate fit to the
optical continuum of PKS 0625−35 required a nonthermal power law in addition to emission from
the host galaxy.
1FGL J0645.5+6033: This source is associated with BZU J0645+6024, a source with broad
emission lines but with a steep radio spectrum.
1FGL J0923.2+4121: This source is associated with B3 0920+416, which Falco et al. (1998)
characterize as a late-type galaxy.
1FGL J0956.5+6938: This source is associated with M 82, also known as NGC 3034 and 3C 231,
a starburst galaxy previously detected by the LAT (Abdo et al. 2010h). There are indications that
it may host a weak AGN (Wills et al. 1999), though this is not confirmed.
1FGL J1202.9+6032: This source is associated with CRATES J1203+6031. Falco et al. (1998)
describes it as an early-type galaxy; it is listed in NED as a LINER.
1FGL J1305.4−4928: This source is associated with NGC 4945, which is both a Seyfert 2 galaxy
and a starburst galaxy. It is the third starburst galaxy seen by the LAT, and its detection is
reported here for the first time. A more careful analysis will be required to determine whether the
γ-ray emission comes from the starburst activity or the AGN or both.
1FGL J1307.0−4030: This source is associated with ESO 323-G77, a nearby (z = 0.015) Seyfert
1.2 galaxy detected also by Swift-BAT (see, e.g., Ajello et al. 2009 and Section 6.3). It exhibits
a hard X-ray spectrum typical of radio-quiet AGN. There is little indication that the source is a
starburst galaxy. If the γ-ray emission from 1FGL J1307.0−4030 truly comes from ESO 323-G77,
then its origin might be connected to the central AGN; this hypothesis is being examined more
closely.
1FGL J1641.0+1143: This source is associated with CRATES J1640+1144, described by Mitton et al.
(1977) only as a “galaxy.” Since the authors do classify other sources as BL Lacs, it seems likely
that CRATES J1640+1144 is not a BL Lac.
1FGL J1647.4+4948: This source is associated with CGRaBS J1647+4950, which Falco et al.
(1998) characterize as a late-type galaxy.
– 17 –
1FGL J1724.0+4002: This source is associated with B2 1722+40. The optical spectrum from
Vermeulen et al. (1996) shows narrow forbidden emission lines and absorption features from the
host galaxy.
1FGL J1756.6+5524: This source is associated with BZB J1756+5522 (a BL Lac) and with
CRATES J1757+5523. The optical spectrum of the latter from Caccianiga et al. (2002) shows
strong absorption features from the host galaxy and a large Ca II H/K break. The authors describe
it as a passive elliptical galaxy.
1FGL J2008.6−0419: This source is associated with 3C 407, a source with broad emission lines
but with a fairly steep radio spectrum.
1FGL J2038.1+6552: This source is associated with NGC 6951, which has been classified as a
Seyfert 2 galaxy and a LINER. It also has a circumnuclear ring of starburst activity.
1FGL J2204.6+0442: This source is associated with 4C +04.77, which is often called a BL Lac
in the literature. A spectrum from Ve´ron-Cetty & Ve´ron (1993), however, shows that the object
exhibits strong broad emission lines characteristic of Seyfert 1 galaxies.
5. Properties of the 1LAC Sources
5.1. Flux and Photon Spectral Index Distributions
As demonstrated in Abdo et al. (2010a), many bright LAT blazars (most notably FSRQs and
some LSP-BL Lacs) exhibit breaks in their γ-ray spectra. Despite this caveat, determining a photon
spectral index fitted over the whole band is useful as it does reflect the source’s spectral hardness
and can be obtained with reasonable accuracy even for fairly faint sources.
The 11-month average photon spectral index is plotted against the flux (E > 100 MeV)
estimated from a power law fit in Figure 9 for blazars in the clean sample. As the figure shows, the
limiting flux corresponding to TS = 25 depends fairly strongly on the photon spectral index; the
solid curve corresponds to a simple analytical estimate (Lott et al. 2007). This effect is discussed
in greater detail in Abdo et al. (2010b). FSRQs (red circles in Figure 9) mostly cluster in the
soft spectral index region, while BL Lacs (blue circles) primarily occupy the hard spectral index
region, confirming the trend seen for the LBAS sources (Abdo et al. 2009a). This implies that the
limiting flux is different for FSRQs and BL Lacs. The respective flux distributions are compared
in Figure 10. The mean fluxes are 8.5× 10−8 photons cm−2 s−1 and 2.9× 10−8 photons cm−2 s−1
for FSRQs and BL Lacs respectively. The faintest BL Lacs are about a factor of 3 fainter than the
faintest FSRQs.
The overall flux distribution (of FSRQs and BL Lacs combined) is compared to that measured
by EGRET in Figure 11a. The high-flux ends of the two distributions are in reasonable agreement.
The peak flux distributions (maximum flux in a ≈15-day viewing period for EGRET vs. maximum
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monthly flux for the LAT) are compared in Figure 11b. The peak fluxes observed by EGRET
are substantially higher than those observed for the brightest 1LAC sources; this is illustrated in
Figures 11c and 11d, which show the peak flux vs. mean flux and the peak flux/mean flux ratio
respectively. The effect of using two different time binnings to determine the peak flux (15 days for
EGRET vs. 1 month for the LAT) has been studied for the bright LBAS sources; the 15-day peak
flux is only 13% higher, on average, than the 1-month peak flux. Hence, the main reason for the
different peak fluxes observed by EGRET and the LAT is probably the different time spans over
which the observations were conducted (4.5 years for EGRET vs. 11 months for the LAT), enabling
the sources to explore a wider range of different states during the EGRET era. Note also that the
EGRET observations were often triggered by flaring alerts provided by other facilities, causing a
bias that is not present for the LAT.
The photon spectral index distributions for the clean sample, shown in Figure 12, confirm the
trend found for the LBAS sources (Abdo et al. 2009a) and already mentioned above, with a clear
difference between FSRQs and BL Lacs. Only 7% of FSRQs (17/231) have a photon spectral index
Γ < 2.2, and only two FSRQs have Γ < 2 (with uncertainties of ∼0.2). Thus, it is quite clearly
established that LAT-detected FSRQs exhibit soft γ-ray spectra. The 1LAC BL Lac distribution
is broader than that observed for LBAS; it shows a larger overlap with the FSRQ distribution.
In Abdo et al. (2010a), the BL Lacs with Γ > 2.2 were found to be mostly LSP sources. This
trend is also confirmed for the 1LAC sources, as illustrated in Figure 13, which shows Γ vs. νSpeak.
Abdo et al. (2010a) also point out that the BL Lac photon spectral index distribution suffers from
a bias since the high-spectral-index (i.e., soft) end is cut off somewhat due to the TS threshold, as
seen in Figure 9. Figure 14 shows the photon spectral index distributions for the different blazar
classes for sources with F [E > 100 MeV] > 3 × 10−8 photons cm−2 s−1, above which the sample
is essentially complete (see Figure 9). The completeness of the sample will be examined more
carefully in an upcoming paper on the LAT blazar population (Abdo et al. 2010d).
The presence of a few very hard (Γ < 1.7) sources warrants comment. These are fairly low-
significance sources (TS < 150), as is evident from Figure 15. Note that typical statistical error
bars reach 0.1–0.2 for all sources with TS in that range. Figure 12 also displays the photon spectral
index distribution for sources with unknown types. This distribution overlaps with both those of
FSRQs and BL Lacs, which seems to rule out that these sources belong preferentially to either
class.
Since the flux of each source is evaluated in five different bands, the departure of the spectrum
from a power-law (PL) shape can be estimated via a simple χ2 test, referred to as the curvature
index (Abdo et al. 2010b). Figure 16 displays the curvature index vs. total flux for FSRQs and for
the three BL Lac subclasses. The trend corroborates the findings reported in Abdo et al. (2010a),
namely, that the spectra of bright FSRQs and LSP-BL Lacs show strong departures from a PL
shape while those of HSP-BL Lacs are essentially compatible with PLs. Note that due to their
harder spectra, any deviation from a PL behavior would be more easily visible for HSP-BL Lacs.
Because of larger statistical uncertainties, no conclusion can be drawn from the χ2 test for fainter
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sources (a similar limitation affects the variability index and is described below).
5.2. Variability
One of the defining characteristics of AGNs is their variability, measured at all time scales and
at all wavelengths. In the LBAS sample, 46 sources (35 FSRQs, 10 BL Lacs, and one blazar of
unknown type) were flagged as variable based on the results of a χ2 test applied to weekly light
curves covering the first three months of the LAT sky survey. Recently, Abdo et al. (2010e) detected
variability in 64 LBAS sources by analyzing weekly light curves over a period of 11 months.
The electronic version of the 1FGL catalog provides the light curves for all sources over 11
time intervals of 30.37 days each in the energy range 100 MeV–100 GeV. The procedure used
to make these light curves is described in Abdo et al. (2010b). Our analysis of the light curves
of the sources in the clean sample shows that only six sources (3C 454.3, PKS 1510−08, 3C 279,
PKS 1502+106, 3C 273, and PKS 0235+164) have a maximum monthy flux (E > 100 MeV) greater
than 10−6 photons cm−2 s−1 (see also Figure 11b). The number of sources with peak flux values
above 10−6 photons cm−2 s−1 increases if we consider shorter time intervals, as illustrated by the
41 Astronomer’s Telegrams issued by the LAT collaboration (see below), mostly related to sources
that showed short flares that reached this flux level on the time scale of days.
The 1FGL catalog also lists a variability index V , obtained using a simple χ2 test, that can
be used to determine the probability that a source is variable. Sources for which V > 23.21 have
a 99% probability (for 10 degrees of freedom) of being variable. Figure 17 shows the distribution
of the variability index for blazars (BL Lacs and FSRQs) in the clean sample. 189 blazars in
the clean sample are found to be variable (to the right of the vertical line in Figure 17); they
comprise 129 FSRQs (68%), 46 BL Lacs (24%), five AGNs of other types (NGC 1275, B2 0321+33B,
4C +15.54, B2 1722+40, and CGRaBS J2250−2806), and nine blazars of unknown type. The 46
variable BL Lacs include 24 LSPs, nine ISPs, 10 HSPs, and three BL Lacs (CRATES J0058+3311,
CGRaBS J0211+1051, and CRATES J1303+2433) for which there are not enough multiwavelength
data to permit an SED classification. Figure 18 shows the distribution of the photon spectral index
for the variable blazars. This distribution is dominated by sources with Γ > 2.2. These are quite
bright sources observed at energies higher than the peak energies of their SEDs, where the amplitude
of the variability is generally larger.
It is important to bear in mind that for a source to be labeled as variable on the basis of its
variability index, it must be both intrinsically variable and sufficiently bright. Larger statistical
flux uncertainties obtained for fainter sources lead to a reduction of the variability index for a given
fractional flux variation. To illustrate this effect, the variability index is plotted against the flux in
Figure 19 for FSRQs and BL Lacs. The curves display the evolution of the variability index for two
sample sources (the FSRQ 3C 454.3 and the BL Lac object AO 0235+164) that would be observed
for the same temporal variation but lower mean fluxes. As a result of this effect, fainter sources
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appear less variable than brighter sources simply because we can not measure their variability as
well. This may also explain why only ∼17% of the 1LAC BL Lacs, which are generally fainter and
harder than FSRQs, are found to be variable by this criterion. The histograms in Figure 17 are
artificially broadened by the flux dependence of the variability index shown in Figure 19. Allowing
for the behavior shown by the the trends for 3C 454.3 and AO 0235+164, there is no strong evidence
for a significant difference in the intrinsic variability of FSRQs and BL Lacs.
The LAT Collaboration routinely issues Astronomer’s Telegrams (ATels) to alert the com-
munity to transient sources or sources that are exhibiting flaring states in order to encourage
simultaneous multiwavelength follow-up. Through 2010 Jan 20, 43 1LAC sources (and one at low
latitude) have been the subjects of ATels from the LAT team. They comprise 32 FSRQs (with
redshifts as high as z = 2.534, for B3 1343+451), 10 BL Lacs, and one AGN of another type
(CGRaBS J2250−2806, a narrow-line radio galaxy).
5.3. Redshift Distributions
The redshift distributions for FSRQs and BL Lacs in the clean sample are presented in Figure 20
along with the corresponding ones for the WMAP blazars (Hinshaw et al. 2007; Giommi et al.
2009), which constitute a flux-limited all-sky sample above 1 Jy in the central WMAP observing
band (Q band, 41 GHz). Note that only 121 out of 291 (42%) high-confidence 1LAC BL Lacs have
measured redshifts. This is notably worse than for LBAS, in which 29 out of 42 (69%) BL Lacs had
measured redshifts. The redshift distributions of γ-ray–detected blazars—both for FSRQs and for
BL Lacs—are fairly similar to those for WMAP, peaking around z = 1 for FSRQs and at a lower
redshift for BL Lacs (the lowest-redshift 1LAC BL Lac has z = 0.030). The highest redshift for a
high-confidence 1LAC FSRQ is z = 3.10.
The photon spectral index is plotted against redshift in Figure 21. For FSRQs, no significant
evolution is visible. This behavior is compatible with what was previously observed for LBAS. The
attenuation effect of the extragalactic background light (EBL) would tend to introduce spurious
evidence of evolution (Chen et al. 2004), but the soft spectra of FSRQs and the common presence of
spectral breaks at a few GeV (Abdo et al. 2010a) both minimize this effect. A stronger evolution
is seen for BL Lacs: hard sources are mostly located at low redshifts, while most high-redshift
sources are softer than average (though it is important to bear in mind that most BL Lacs do not
have measured redshifts). This trend was less clear for the LBAS BL Lacs (Abdo et al. 2009a)
due to lower statistics. Figure 22 displays the photon spectral index distributions for sources with
z < 0.5 (top) and z > 0.5 (middle), which are clearly different. This provides some insight into
the properties of BL Lacs without measured redshifts. The photon spectral index distributions
of BL Lacs with measured redshifts and with unknown redshifts are shown in the bottom panel
of Figure 22. The distribution of BL Lacs with unknown redshifts includes notably fewer hard
sources than that for BL Lacs with known redshifts. A Kolmogorov-Smirnov (K-S) test yields a
probability of 6× 10−3 that the two distributions are drawn from the same underlying population.
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The similarity of the distribution of BL Lacs with unknown redshifts to that of BL Lacs with
z > 0.5 (K-S probability of 0.54 that the two distributions are drawn from the same underlying
population) supports the idea of some bias toward higher redshifts for this class of objects.
5.4. Luminosity Distributions
The γ-ray luminosity Lγ is calculated as in Ghisellini et al. (2009):
Lγ = 4pid
2
L
S(E1, E2)
(1 + z)2−Γ
where dL is the luminosity distance, Γ is the photon spectral index, S is the energy flux, and
E1 and E2 are the lower and upper energy bounds (taken here to be 100 MeV and 100 GeV)
respectively. Implicit in this derivation is the assumption that E2  E1, which is satisfied for
our calculations. Figure 23 shows Lγ plotted against the source redshift. The curves represent
approximate instrumental limits calculated for two photon indices, Γ = 1.8 and Γ = 2.2. The
low-redshift FSRQs with Lγ > 10
48 erg s−1 could potentially still be detected at redshifts z > 3.1.
Figure 24 shows the photon spectral index plotted against the γ-ray luminosity. The Pearson
correlation coefficient for the two parameters is 0.17. It is important to bear in mind two issues
when interpreting this correlation: the higher flux limit for soft sources (see Figures 9 and 10)
and the difference in redshift distributions between FSRQs and BL Lacs (see Figure 20). Given
their relative softness (and thus, high flux limit), FSRQs are excluded from the soft-faint region.
BL Lacs are also partly excluded because of their relatively low fluxes. Luminosity limits calculated
for different redshifts (with the same approach as for the flux limit shown in Figure 9) are displayed
for reference in Figure 24 and illustrate somewhat the effect of the Malmquist bias6.
6. Multiwavelength Properties of 1LAC Sources
6.1. Sources Detected at TeV Energies
Over the last two decades, ground-based γ-ray instruments operating in the “TeV” or very-
high-energy (VHE; E & 100 GeV) regime have detected 32 AGNs, with the pace of discovery in-
creasing significantly7 as the latest generation of instruments—CANGAROO, H. E. S. S., MAGIC
and VERITAS—has been commissioned. Of these 32 TeV AGNs, the majority are BL Lacs (23
HSPs, three ISPs, and two LSPs), with the remainder comprising one FSRQ, two FR-I radio galax-
6In a flux-limited sample, sources located at larger distances appear more luminous than closer ones since fainter
sources are below the detection threshold (Malmquist 1920).
7TeVCat (http://tevcat.uchicago.edu/) presents an up-to-date catalog of TeV sources.
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ies, and one AGN of unknown type. A detailed analysis of the TeV AGNs detected with Fermi dur-
ing the first 5.5 months of operation is given by Abdo et al. (2009e, and see references to the TeV de-
tections therein). Five new TeV AGNs have since been detected (1ES 0414+009, Hofmann & Fegan
2009; PKS 0447−437, Raue et al. 2009; RBS 0413, Ong & Fortin 2009; 1ES 0502+675, Ong 2009a;
VER J0521+211, Ong 2009b). Two of these detections and one previous detection (PKS 1424+240;
Acciari et al. 2010) were motivated directly by the detection of GeV emission with Fermi.
Of the TeV AGNs, the 28 listed in Table 5 are detected by Fermi as 1FGL sources, with
a mean photon spectral index of 〈ΓGeV〉 = 2.02 ± 0.01. Taking only the subsample of 25 GeV–
TeV BL Lacs, the mean index is 〈ΓGeV〉 = 1.92 ± 0.01 (σΓ = 0.26), compared with 2.07 ± 0.01
(σΓ = 0.28) for the larger sample of Fermi BL Lacs (see Figure 12b), illustrating that the TeV
sources are among the hardest BL Lacs in the GeV regime. The measured spectra of the majority
of the GeV–TeV BL Lacs are well described by power laws in both regimes. For many of the
sources, the photon spectral index of the GeV emission differs significantly from that of the TeV
emission, which may be an indication of the presence of a break in the γ-ray spectrum between the
two regimes. However, most of the TeV spectra have not been measured simultaneously with the
GeV spectra, and caution is advised when comparing the spectra in detail. The largest such break,
consistent with ∆Γ ≡ ΓTeV − ΓGeV ∼ 2, is evident in the spectra of 1ES 1101+496, H 1426+428
and PG 1553+113. By contrast, the spectra of the nearby radio galaxies M 87 and Cen A show
no evidence of a spectral break. The mean break index is 〈∆Γ〉 = 1.3. The values of ∆Γ for the
GeV–TeV sources are shown in Figure 25, plotted against the redshift of the source. Among the
possible explanations for the apparent deficit of sources with small ∆Γ at high redshift is the effects
of pair production with the EBL, which is expected to introduce a redshift-dependent steepening
into the TeV spectra of extragalactic objects.
The four TeV AGNs not detected thus far by Fermi are RGB J0152+017, 1ES 0229+200,
1ES 0347−121 and PKS 0548−322, all HSP-BL Lacs. Extrapolating the measured power-law TeV
spectra from all the TeV AGNs down to 200 GeV, it is evident that these four have among the
smallest fluxes of all TeV AGN at this energy.
6.2. Sources Detected Previously at GeV Energies
Of the 709 sources in the 1LAC, 114 sources were included in the BSL and were thus sig-
nificantly detected (at 10σ or greater) during the first three months of LAT observations. All of
those sources were previously associated with AGNs as part of LBAS. Three low-confidence LBAS
sources (0FGL J0909.7+0145, 0FGL J1248.7+5811, and 0FGL J1641.4+3939) are not confirmed
in the 1LAC sample.
Ten years after EGRET, it is interesting to look at the fraction of the AGNs that were active
in the EGRET era and are detected again by the LAT with a comparable flux. We consider two
sources to be “positionally coincident” when the separation between their positions is less than the
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quadratic sum of their 95% error radii. In the 1LAC sample, 63 AGNs are positionally coincident
with 3EG sources. Of these, the 3EG catalog lists 51 sources as AGN identifications and four as
AGN associations. The 3EG catalog listed a total of 62 sources as AGN identifications, so there are
11 identified EGRET AGN that are not positionally coincident with 1LAC sources. 45 sources from
the 1LAC have positions compatible with the revised EGRET catalog (EGR; Casandjian & Grenier
2008), while 22 sources are positionally coincident with sources from the high-energy EGRET
catalog (GEV; Lamb & Macomb 1997). In all, 75 1LAC sources have coincident detections from
one or more of these three EGRET catalogs.
11 of the sources in this catalog are included in the first year AGILE catalog (1AGL; Pittori et al.
2009). All 11 are identified as blazars by AGILE, and indeed, these 11 comprise the total sample
of blazars in the 1AGL catalog. Only two of these AGILE-detected sources do not have similar
EGRET detections. In all, 77 1LAC sources have been cataloged by other GeV instruments.
These 77 sources are listed in Table 6 along with the mean fluxes and photon indices measured
by the LAT and by EGRET. These AGNs are composed of 49 FSRQs, 21 BL Lacs, four AGNs of
other types, and three AGNs of unknown types.
During its 4.5-year mission, EGRET found few sources with flux (E > 100 MeV) less than
10× 10−8 photons cm−2 s−1. A large number of the 1LAC sources have fluxes well below this value;
such sources would not have been visible to EGRET. Some sources, such as 1FGL J0428.6−3756
(associated with PKS 0426−380) and 1FGL J2229.7−0832 (associated with PKS 2227−08), have
flux values well above the EGRET threshold but were not seen by EGRET and yet are not noted
as being variable in the 1FGL data. These examples continue to demonstrate that long-duration
variability is evident in AGN γ-ray flux.
All of the EGRET sources seen at 10σ significance and associated with flaring blazars have
been detected by the LAT and appear with blazar associations.
6.3. Sources Detected in the Hard X-ray Band
In recent years, a new generation of hard X-ray telescopes has drastically improved our knowl-
edge of the source populations in this energy band. The Swift-BAT and INTEGRAL-IBIS instru-
ments have been conducting surveys at hard X-ray energies; the most recent catalogs are the fourth
IBIS catalog (Bird et al. 2010) of 723 sources detected at 17-100 keV and the 54-month Palermo
BAT catalog (Cusumano et al. 2009) of 1049 sources8 detected at 14-150 keV. These two telescopes
perform in a complementary fashion; while IBIS is the more sensitive instrument with better an-
gular resolution, it has a smaller field of view and has concentrated exposure in the Galactic plane.
Conversely, the BAT instrument has lower instantaneous sensitivity but has a much larger field
8Cusumano et al. (2009) describes the 39-month catalog; the 54-month catalog is available at:
http://www.ifc.inaf.it/cgi-bin/INAF/pub.cgi?href=activities/bat/index.html .
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of view and a much more uniform exposure across the whole sky. An initial comparison between
the LBAS sources and the fourth IBIS catalog by Ubertini et al. (2009) showed that only a small
subset of the >250 INTEGRAL AGNs, of which 19 are blazars, was detected by the LAT.
Restricting the catalogs to |b| > 10◦, there are 291 IBIS sources and 736 BAT sources. If we
consider all of the 1LAC sources with associated counterparts that fall within the error circles of
the hard X-ray catalogs, we find that 50 of the 1LAC sources can be associated with known hard
X-ray sources. Of these 50 sources, one appears only in the fourth IBIS catalog, 16 appear in both
the fourth IBIS catalog and the 54-month Palermo BAT catalog, and the remaining 35 are detected
only in the 54-month Palermo BAT catalog. This is still a very small subset of AGNs despite the
depth of the LAT catalog and the sky coverage of the BAT catalog.
Table 7 lists the high-confidence 1LAC AGNs detected in hard X-rays. This sample contains
27 FSRQs, 16 BL Lacs, and seven AGNs of other types. Most of the AGNs (54%) detected in hard
X-rays are FSRQs; this is expected since the external Compton peak of these high-luminosity objects
reaches a maximum at MeV energies and declines in the hard X-rays, maintaining a substantial
fraction of the emitting power. The difference in the spectral shapes of BL Lacs and FSRQs observed
in hard X-rays indicates that this energy range probes the high-energy tail of the synchrotron peak
in BL Lacs and the ascending part of the Compton peak in FSRQs.
Finally, there is evidence that the hard X-ray emission from most bright LAT blazars is,
apparently, missed in spite of the sub-milliCrab sensitivity reached with INTEGRAL and Swift in
the deepest fields.
6.4. Radio Properties
The high-latitude 1FGL sources associated with AGNs and presented here in the 1LAC are all
radio sources at some level. The large number of sources found in CRATES can, by definition, be
characterized as relatively bright, flat-spectrum radio sources. However, since a significant number
of associations are found from other catalogs, it is interesting to contemplate the distributions of
the flux densities, luminosities, and spectral indices.
In Figure 26, we plot the distribution of the radio flux density at 8.4 GHz for the clean sample
and separately for the FSRQs and the BL Lacs in this sample. The overall distribution, including
also the blazars of unknown type and the other AGNs, has one main peak (corresponding to
〈S8GHz, 1LAC〉 ∼ 900 mJy). However, the FSRQs are on average brighter than the BL Lacs, with
〈S8GHz,FSRQ〉 ∼ 1200 mJy and 〈S8GHz,BLL〉 ∼ 400 mJy.
In Figure 27, we plot the corresponding radio luminosities, calculated and K-corrected for the
sources with measured redshifts. The distributions for FSRQ and BL Lacs are clearly different, with
the FSRQs concentrated at higher radio luminosities (log (Lr,FSRQ [erg s
−1]) = 44.1± 0.7 erg s−1)
and the BL Lacs distributed over a broad range (log Lr,BLL [erg s
−1]) = 42.3±1.1 erg s−1). This is
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similar to the distribution found in the LBAS, and the only sources with radio luminosities below
Lr = 10
40 erg s−1 are a few nearby AGNs (Cen A, NGC 253, and NGC 4945).
Finally, in Figure 28, we plot the spectral index distribution, calculated between either 1.4 GHz
from NVSS for sources with δ > −40◦ or 0.84 GHz from the Sydney University Molonglo Sky
Survey (SUMSS; Mauch et al. 2003) for sources with δ < −40◦ and 8.4 GHz from CRATES (or
other measurements from NED). The overall distribution is consistent with a flat spectral index
(α = 0.08 ± 0.32). No difference is found between FSRQs and BL Lacs. Interestingly, a tail of
sources with steeper spectral index is found, and it is mostly composed of non-blazars, such as
radio galaxies. This suggests that γ-ray sources can also be associated with radio sources that are
less closely aligned with the line of sight than blazars (see Section 4.1).
Since the different classes have different properties in the γ-ray band, the relationship between
the radio emission and the high-energy emission merits a deeper discussion. A paper dedicated to
this subject is in preparation, with a focus on the correlation between radio and γ-ray fluxes.
7. Discussion
Of the 1043 high-latitude (|b| > 10◦) γ-ray sources in the 1FGL catalog, 671 are associated with
709 AGNs; these constitute the 1LAC. The 663 high-confidence AGN sources detected by Fermi
in 11 months of data can be compared with the 66 high-confidence AGNs detected by EGRET
at > 5σ significance over its lifetime (Hartman et al. 1999). We estimate that a large fraction of
the other 372 high-latitude sources are likely AGNs on the basis of their spectral and variability
properties; indeed, we have found plausible AGN candidates for ∼100 of them (see Section 3.2.3.
In addition, ∼20 known millisecond pulsars, and possibly a comparable number of yet unidentified
millisecond pulsars, are among the remaining high-latitude 1FGL sources.
The 1LAC represents a ∼5-fold increase in the number of sources associated with γ-ray blazars
over previously published source lists (in particular, the 106 high-confidence blazars in the LBAS
catalog). It is likely that other blazars remain unidentified, as implied by the observed north-south
anisotropy of the associated sources, which reflects the incompleteness of the counterpart AGN
catalogs. This is partly supported by the similarity of the γ-ray properties, including flux and
photon spectral index, of the unidentified sources to those of the 1LAC blazars (Abdo et al. 2010f).
There are also indications from our early radio follow-up of the unidentified sources that the LAT is
detecting blazars that are fainter in the radio than those appearing in the catalogs of flat-spectrum
radio sources from which we draw candidate associations.
The overall properties of the 1LAC sources are generally consistent with those of the LBAS
(Abdo et al. 2009a, 2010a,j), including observations of:
1. A small number of non-blazar sources.
The misaligned AGNs include six radio galaxies, of which only three (NGC 1275, Cen A, and
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M 87) were previously reported. Five of the six radio galaxies are low-power FR-I galaxies as-
sociated with LAT sources with very high probabilities (P > 98%). The sixth, NGC 6251, is a
moderately powerful radio galaxy (Perley et al. 1984) and has a lower association probability.
The misaligned FR-II radio galaxy 3C 111 is associated with a LAT source (see Table 2),
but it is not a member of the 1LAC since it resides at low Galactic latitude. In addition,
two steep-spectrum radio quasars and five NLRGs are among the other non-blazar sources,
though many of these have prominent radio cores and some lack extended radio emission.
2. Redshift distributions peaking at z ≈ 1 for 1LAC FSRQs and at low redshift for 1LAC
BL Lacs with known redshifts.
The maximum redshift of the high-confidence 1LAC FSRQs is z = 3.10, larger than the
maximum redshift (z = 2.286) for an EGRET blazar. For comparison, the maximum redshift
in both CGRaBS and Roma-BZCAT is for an FSRQ with z > 5. The redshift distribution
for BL Lacs in the 1LAC with known redshift displays a broad low-redshift peak from the
lowest known redshift (for Mkn 421) at z = 0.030 to z ≈ 0.4. The good agreement with the
WMAP redshift distribution for FSRQs, with a comparable number of sources, supports the
idea that similar populations are being sampled by WMAP and the LAT. Both the FSRQ
and BL Lac redshift distributions are compatible with the corresponding distributions from
LBAS; the K-S probabilities that they derive from the same parent distributions are 0.99 and
0.89 for FSRQs and BL Lacs respectively.
No strong evidence for a new population of misaligned FSRQs emerging at lower redshifts is
found. Other than NGC 6251, just mentioned, notably absent are detections, at least at the
1LAC significance level of TS > 25, of nearby powerful FR-II radio galaxies such as Cyg A
and Pic A, though the low-latitude FR-II radio galaxy 3C 111 is detected by the LAT.
3. A high BL Lac/FSRQ ratio, close to unity.
This ratio is even higher than that found for the LBAS sources, which comprise 42 BL Lacs
and 57 FSRQs. It stands in sharp contrast to the population of 3EG blazars, in which FSRQs
outnumber BL Lacs by a factor of 3.
4. A high HSP/LSP ratio among BL Lacs.
The large HSP/LSP radio for BL Lacs is a result of the fact that the sample is significance-
limited. The LAT detects hard-spectrum sources at higher significance than soft-spectrum
sources with comparable photon number fluxes. Moreover, the LAT is far more sensitive
to multi-GeV photons than was EGRET, which lost sensitivity above several GeV due to
self-vetoing effects. Consequently, HSP-BL Lacs, with harder spectra than LSP-BL Lacs, are
more prevalent in the 1LAC than in the 3EG catalog.
5. Little evidence for different variability properties for FSRQs and BL Lacs.
No significant differences in the variability of FSRQs and BL Lacs are observed for sources at
comparable fluxes. Because HSP blazars are generally observed at low flux levels, however,
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the comparison of variability properties primarily concerns LSP/ISP-BL Lacs and FSRQs.
6. A fairly strong correlation between photon spectral index and blazar class for the detected
sources.
FSRQs, which are almost all LSP blazars, are found to be soft, while BL Lacs, whether of the
LSP, ISP, or HSP type, represent on average a population of harder-spectrum sources. The
average photon spectral index 〈Γ〉 continuously shifts to lower values (i.e., harder spectra)
as the class varies from FSRQs (〈Γ〉 = 2.48) to LSP-BL Lacs (〈Γ〉 = 2.28), ISP-BL Lacs
(〈Γ〉 = 2.13), and HSP-BL Lacs (〈Γ〉 = 1.96).
Furthermore, as noted by Ghisellini et al. (2009) and seen in Figure 24, the γ-ray blazars
detected with the Fermi-LAT separate into hard-spectrum, low-luminosity sources, primarily con-
sisting of BL Lac objects, and high-luminosity, soft-spectrum sources, primarily consisting of FSRQs
and LSP-BL Lacs. Compared with the LBAS sample, the blazar divide now displays an extension
of the sample toward low-luminosity objects in each of the blazar subclasses. In addition, we iden-
tify a third branch consisting of radio galaxies, which are distinguished from the aligned blazars by
their soft spectra and very low γ-ray luminosities.
The finding that FSRQs in the 1LAC almost all have soft (Γ & 2.2) γ-ray spectra suggests a con-
nection between the presence of strong emission lines and the nonthermal electron maximum Lorentz
factor or spectral shape. It is consistent with scenarios (Ghisellini et al. 1998; Bo¨ttcher & Dermer
2002) in which the strong ambient radiation fields, as revealed by the presence of emission lines,
affects the acceleration and cooling of particles and controls the formation of the blazar SED. The
luminosity dependence of the γ-ray spectral hardness is also consistent with the blazar sequence
(Ghisellini et al. 1998; Fossati et al. 1998; Ghisellini & Tavecchio 2008), in which the frequencies
of the synchrotron and Compton peaks are inversely correlated with the apparent isotropic lumi-
nosities of the blazars. This behavior has been interpreted in terms of an evolution of FSRQs
into BL Lac objects as the supply of matter fueling the accretion disk declines, the surround-
ing external radiation fields become less intense, and the jet weakens (Bo¨ttcher & Dermer 2002;
Cavaliere & D’Elia 2002; Ghisellini & Tavecchio 2008).
Important caveats must, however, be considered before drawing firm conclusions about the
blazar sequence from the 1LAC sources. First, identification of the blazars used to construct the
blazar sequence is biased by the flux limits and frequency ranges of the underlying radio and X-ray
samples (Giommi et al. 1999; Padovani et al. 2003), and different conclusions about its validity can
be drawn depending on the catalogs used to examine the sequence (Nieppola et al. 2006). Second,
specific sources that do not conform to the sequence have been identified (Caccianiga & Marcha˜
2004; Giommi et al. 2007). Third, the 1LAC is significance-limited rather than flux-limited, which
results in preferential detection of lower-flux, harder-spectrum sources. This means that there is a
strong bias against detecting weak, soft-spectrum γ-ray sources from low-luminosity LSP blazars
that might violate the sequence. On the other hand, hard-spectrum HSP sources should be more
easily detected, but there are no high-luminosity HSP sources detected in the LAT band (see
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Figure 24), as all high-luminosity objects have SEDs of the LSP type. This may, however, reflect
the difficulty of measuring the redshifts of BL Lacs, despite efforts even with 10 m-class telescopes
(Shaw et al. 2010). Even for sources associated with AGNs with high probabilities, a large fraction
lack redshift measurements, including 58% of the high-confidence BL Lacs and ∼30 BL Lacs with
Γ . 1.9. Considering the recent results of Plotkin et al. (2010), who find that many BL Lacs
might have redshifts larger than 2 (up to z = 4.9), and the indication that BL Lacs with unknown
redshifts may be found preferentially at higher redshift (see Section 5.3), it is possible that a number
of distant, high-luminosity HSP-BL Lacs are included in the 1LAC sample. According to our SED
classification, ∼20 BL Lacs with unknown redshifts are already classified as HSPs. If they were
all at high redshift (e.g., z = 2), and excluding those already detected at very high energy (which
indicates a low redshift due to a lack of EBL absorption), ∼7 objects could have γ-ray luminosities
Lγ & 10
48 erg s−1.
The existence of such sources, though quite rare, would be contrary to expectations from the
blazar sequence (Ghisellini et al. 1998; Fossati et al. 1998; Ghisellini & Tavecchio 2008). In the
absence of redshift measurements of possible high-luminosity, hard-spectrum sources, we can only
conclude that the Fermi results seem compatible with the sequence. Identifying hard-spectrum
blazar sources at high redshifts is also important for studies of the cosmological evolution of the
extragalactic background light (Abdo et al. 2010g), which are hampered by their absence.
Related to this, it is interesting to compare the redshift distribution of the LAT blazars (in
particular, the FSRQs) with that of the objects detected by BAT on Swift (Ajello et al. 2009).
Despite a fourfold increase in exposure time with respect to the LBAS sample and a consideration
of γ-ray sources with TS > 25 in the 1LAC compared with TS > 100 in LBAS, the number of
LAT-detected blazars still drops sharply at z ∼ 2.5, and only two of the high-confidence 1LAC
blazars have z > 3 (keeping in mind biases from the lack of redshift measurements). This is very
different from the BAT survey, in which half of all FSRQs have z > 2, and the distribution extends
to z ∼ 4. This behavior may be indicative of a shift in the SED peak frequencies toward lower
values (i.e., a “redder” SED) for blazars at high redshifts. Indeed, the jets of the high-redshift
BAT blazars are found to be more powerful than those of the LAT blazars and are among the most
powerful known (Ghisellini et al. 2010). The peak of the inverse Compton flux for these objects,
estimated to be in the MeV or even sub-MeV range, is located closer to the BAT band than to the
LAT band, and the LAT instead samples the cutoff region of the inverse Compton spectrum.
Comparison of Fermi results with pre-launch GLAST expectations depends on how the 1LAC
results are characterized. Except for a few dozen millisecond pulsars, nearly all of the 1043 high-
latitude γ-ray sources in the 1FGL are likely to be AGNs, but only 671 high-latitude 1FGL sources
are associated with AGNs. Adopting a radio/γ-ray correlation, Stecker & Salamon (1996) and
Chiang & Mukherjee (1998) predicted many thousands of blazars to a flux limit of 2 × 10−9 pho-
tons cm−2 s−1 (for E > 100 MeV) reached after five years for a source with Γ = 2.1, as did
Narumoto & Totani (2006), who treated the problem using radio and X-ray luminosity functions.
Mu¨cke & Pohl (2000), using a physical blazar model matched to the EGRET data, predicted an
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increased fraction of BL Lac objects at fainter flux levels, with nearly 2000 BL Lacs and 1000
FSRQs at the one-year flux limit of 4× 10−9 photons cm−2 s−1 (for E > 100 MeV). Dermer (2007)
predicted that ∼800 FSRQs and ∼200 BL Lacs would be detected after one year, also employing
a physical blazar model. Assuming the validity of the blazar sequence, Inoue & Totani (2009) pre-
dicted ∼600-1200 blazars to a flux limit of 2×10−9 photons cm−2 s−1 (for E > 100 MeV). However,
predictions based on a minimum flux depend sensitively on the source spectral index, as shown by
Figure 9, so more reliable predictions needed to take this effect into account.
The populations of AGNs that can be studied jointly at GeV and at TeV energies has increased
dramatically beyond what could have been expected based on the experience of the EGRET era.
There is now a large and increasing population of GeV–TeV AGNs that can be best studied through
observations with both Fermi and the ground-based γ-ray observatories. Since its launch, the
number of TeV AGNs detected also by Fermi has steadily increased as its exposure on these sources
grows. Complementing this, the TeV observatories have started to observe the more promising
Fermi AGNs, and a number of detections have resulted. One promising feature of joint GeV–TeV
observations is the power to infer the redshifts of BL Lacs from spectral modeling, as in the case
of PG 1553+113 (Abdo et al. 2010i).
8. Conclusions
We have presented the First LAT AGN Catalog (1LAC), consisting of 671 high-latitude γ-ray
sources with TS > 25 measured in the first 11 months of the Fermi-LAT sky survey. Due to
multiple associations, these sources are associated with 709 AGNs. Besides a growing number of
blazars and six radio galaxies, the extragalactic γ-ray sky now includes a small number of steep-
spectrum quasars and narrow-line radio galaxies. Confirming many of the LBAS results, we find
a strong correlation between the 0.1-100 GeV γ-ray spectral index and the blazar type, whether
defined in terms of optical emission line strength or peak frequency of the synchrotron component
of the SED. The relationship between the γ-ray spectral properties and the spectral luminosity is
complicated by selection biases for source identification and redshift determination, but the Fermi
results seem compatible with the blazar sequence.
The First LAT AGN Catalog represents significant progress in terms of the number of de-
tected sources, the diversity of source types, and the accuracy of measured γ-ray properties. This
sample is likely to evolve in the future as more unidentified sources can be associated with AGNs
thanks to better counterpart catalogs and continued correlated variability studies with more LAT
observations. Bearing in mind the instrumental limitations described above, the 1LAC provides
an essential foundation on which to build a much better understanding of the population of γ-ray–
emitting AGNs.
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Fig. 1.— Point-source flux limit in units of photons cm−2 s−1 for E > 100 MeV and photon spectral
index Γ = 2.2 as a function of sky location (in Galactic coordinates).
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Fig. 2.— 95% error radius vs. TS for the 1LAC clean sample. Red circles: FSRQs, blue circles:
BL Lacs, magenta stars: radio galaxies, green triangles: AGNs of unknown type.
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Fig. 3.— Normalized angular separation between the Fermi-LAT source position and that of the
AGN counterpart. The solid curve corresponds to the expected distribution (χ2 with two degrees
of freedom) for real associations, the dashed one for purely accidental associations.
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Fig. 4.— Loci of the BL Lacs in the clean sample in the (αox, αro) plane (cyan: LSP-BL Lacs,
gray: ISP-BL Lacs, blue: HSP-BL Lacs). The {X < 0} ∩ {Y < 0.3} region (see Section 3.3.2) is
delineated in solid black. The dashed lines correspond to log (νSpeak [Hz]) = 13, 14, 15, and 16.
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Fig. 5.— Soft X-ray (0.1-2.4 keV) flux vs. radio flux density at 1.4 GHz for the clean sample (red:
FSRQs, cyan: LSP-BL Lacs, gray: ISP-BL Lacs, blue: HSP-BL Lacs).
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Fig. 6.— Distributions of νSpeak for FSRQs (red) and BL Lacs (blue) in the clean sample.
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Fig. 7.— Locations of the sources in the clean sample. Red: FSRQs, blue: BL Lacs, magenta: radio
galaxies, green: AGNs of unknown type.
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Fig. 8.— Galactic latitude distributions of FSRQs (top) and BL Lacs (bottom) in the clean sample
(solid red). The corresponding distributions for the Roma-BZCAT blazars (dashed red) and the
1FGL sources with |b| > 10◦ (solid black) are shown for comparison.
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Fig. 9.— Left: Flux (E > 100 MeV) vs. photon spectral index for the sources in the clean sample.
The solid curves represents the TS = 25 flux limit estimated for a Galactic position (l, b) = (40◦,
40◦). Right: the same for the different BL Lac subclasses. Cyan: LSPs, gray: ISPs, blue: HSPs.
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Fig. 10.— Flux (E > 100 MeV) distributions for the FSRQs (red) and BL Lacs (blue) in the clean
sample.
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Fig. 11.— (a) Comparison of mean flux distributions for blazars detected by the Fermi-LAT (solid)
and by EGRET (dashed). (b) Same as (a) but for the peak flux (i.e., maximum flux in a ∼15-day
viewing period for EGRET, maximum monthly flux for the LAT) distributions. (c) Peak flux vs.
mean flux for 1LAC AGNs (filled circles) and for EGRET AGNs (open circles). (d) Same as (a),
but for the peak flux/mean flux ratio.
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Fig. 12.— Photon spectral index distributions for the FSRQs (top), BL Lacs (middle), and AGNs
of unknown type (bottom) in the clean sample. For BL Lacs, the dashed histogram corresponds to
the TeV-detected sources.
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Fig. 13.— Photon spectral index vs. peak frequency of the synchrotron component of the SED for
FSRQs (red) and BL Lacs (cyan: LSPs, gray: ISPs, blue: HSPs) in the clean sample.
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Fig. 14.— Photon spectral index distributions for the different blazar classes for sources in the
clean sample with F [E > 100 MeV] > 3× 10−8 photons cm−2 s−1.
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Fig. 15.— TS vs. photon spectral index for FSRQs (red) and BL Lacs (blue) in the clean sample.
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Fig. 17.— Distribution of the variability index for all BL Lacs and FSRQs in the clean sample.
The vertical line is drawn at V = 23.21, which corresponds to a 99% probability that a source is
variable.
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Fig. 18.— Distribution of the photon spectral index for the variable BL Lacs and FSRQs in the
clean sample.
– 52 –
-1
 s-2Flux [E>100 MeV] ph cm
-910 -810 -710 -610
Va
ria
bi
lit
y 
in
de
x
1
10
210
310
410
Fig. 19.— Variability index versus flux for FSRQs (red) and BL Lacs (blue) in the clean sample.
The curves display the evolution of the variability index for the FSRQ 3C 454.3 (solid) and the
BL Lac object AO 0235+164 (dashed) that would be observed for the same temporal variation but
lower mean fluxes.
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Fig. 20.— Top: Normalized redshift distribution for the FSRQs in the clean sample (solid his-
togram). The redshift distribution for FSRQs in the WMAP catalog is also shown for comparison
(dashed histogram). Middle: The same for BL Lacs. Bottom: Redshift distributions for LSP-
BL Lacs (cyan), ISP-BL Lacs (gray), HSP-BL Lacs (blue) in the clean sample.
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Fig. 21.— Photon spectral index vs. redshift for the FSRQs (red) and BL Lacs (cyan: LSPs, gray:
ISPs, blue: HSPs) in the clean sample.
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Fig. 22.— Photon spectral index distributions for BL Lacs in the clean sample with z < 0.5
(top), with z > 0.5 (middle), and with unknown redshifts (bottom, solid histogram). The total
distribution for BL Lacs with known redshifts is shown for comparison as a dashed histogram in
the bottom panel.
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Fig. 23.— γ-ray luminosity vs. redshift for the different AGN classes (red: FSRQs, cyan: LSP-
BL Lacs, gray: ISP-BL Lacs, blue: HSP-BL Lacs, magenta: radio galaxies) in the clean sample.
The curves correspond to approximate experimental limits calculated for a photon spectral index
Γ = 2.2 (solid) and Γ = 1.8 (dashed).
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Fig. 24.— Photon spectral index vs. γ-ray luminosity for the different AGN classes (red: FSRQs,
cyan: LSP-BL Lacs, gray: ISP-BL Lacs, blue: HSP-BL Lacs, magenta: radio galaxies) in the clean
sample. The curves represent approximate instrumental limits for z = 0.2 (dashed), z = 0.5
(dot-dashed), and z = 1 (solid).
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Fig. 25.— GeV/TeV spectral break ∆Γ ≡ ΓTeV − ΓGeV vs. redshift. Only sources with well
measured redshifts and TeV photon spectral indices are shown. The TeV measurements come from
the references given in Abdo et al. (2009e); new measurements for PKS 2005−489 (Acero et al.
2009) and S5 0716+714 (Mazin et al. 2009) are used. 3C 279, an FSRQ whose TeV spectrum was
measured during an extreme flaring episode, is also excluded.
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Fig. 26.— Distributions of radio flux densities at 8.4 GHz for all sources in the clean sample (top),
FSRQs (middle), and BL Lacs (bottom).
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Fig. 27.— Distributions of radio luminosities at 8.4 GHz for all sources in the clean sample (top),
FSRQs (middle), and BL Lacs (bottom).
– 60 –
radio spectral index
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
N
um
be
r o
f s
ou
rc
es
1
10
210
Fig. 28.— Distribution of radio spectral indices between 1.4 GHz (0.8 GHz for southern sources)
and 8.4 GHz for sources in the clean sample.
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Table 1. First LAT AGN Catalog
1FGL name Associated AGN RAa DECa Ang. sep.b θ95
c Assoc. prob. Opt. class SED class z F35
d ∆F35
d Γd ∆Γd σd Var.?d Curv.?d Notee Clean?f
1FGL J0000.9−0745 CRATES J0001−0746 0.32512 −7.77417 0.089 0.153 0.96 BLL LSP · · · 1.0 0.0 2.41 0.20 5.6 N N S Y
1FGL J0004.7−4737 PKS 0002−478 1.14867 −47.60517 0.032 0.153 0.99 FSRQ LSP 0.880 0.8 0.3 2.56 0.17 6.6 N N S Y
1FGL J0005.7+3815 B2 0003+38A 1.48825 38.33755 0.088 0.200 0.99 FSRQ LSP 0.229 0.6 0.3 2.86 0.13 8.4 N N S Y
1FGL J0008.3+1452 RX J0008.0+1450 2.02345 14.83982 0.072 0.143 0.70 AGN · · · 0.045 0.8 0.2 2.00 0.21 4.7 N N S N
1FGL J0008.9+0635 CRATES J0009+0628 2.26638 6.47256 0.119 0.117 0.93 BLL LSP · · · 0.8 0.0 2.28 0.22 5.0 N N S Y
1FGL J0011.1+0050 CGRaBS J0011+0057 2.87667 0.96439 0.153 0.420 0.96 FSRQ LSP 1.492 0.6 0.2 2.51 0.15 5.8 N N S Y
1FGL J0013.1−3952 PKS 0010−401 3.24962 −39.90717 0.044 0.104 1.00 BLL · · · · · · 0.5 0.3 2.09 0.22 5.0 N N S Y
1FGL J0013.7−5022 BZB J0014−5022 3.54675 −50.37575 0.075 0.135 1.00 BLL HSP · · · 0.6 0.2 2.23 0.22 4.4 N N S Y
1FGL J0017.4−0510 CGRaBS J0017−0512 4.39925 −5.21158 0.040 0.079 1.00 FSRQ LSP 0.227 1.5 0.3 2.60 0.07 20.2 Y Y S Y
1FGL J0017.7−0019 PKS 0013−00 4.04621 −0.25347 0.390 0.315 0.57 FSRQ LSP 1.574 0.5 0.2 2.88 0.18 5.1 N N S N
1FGL J0018.6+2945 BZB J0018+2947 4.61562 29.79178 0.044 0.062 1.00 BLL HSP · · · 0.8 0.0 1.48 0.35 6.0 N N S Y
1FGL J0019.3+2017 PKS 0017+200 4.90771 20.36267 0.100 0.177 0.99 BLL LSP · · · 0.7 0.2 2.38 0.15 5.9 N N S Y
1FGL J0021.7−2556 CRATES J0021−2550 5.38563 −25.84703 0.110 0.116 0.86 BLL ISP · · · 0.9 0.2 1.96 0.17 7.3 N N S Y
1FGL J0022.5+0607 PKS 0019+058 5.63517 6.13450 0.009 0.090 1.00 BLL LSP · · · 1.5 0.3 2.15 0.11 10.1 N N S Y
1FGL J0023.0+4453 B3 0020+446 5.89767 44.94328 0.116 0.120 0.96 FSRQ · · · 1.062 1.0 0.3 2.46 0.16 7.1 N N S Y
1FGL J0029.9−4221 PKS 0027−426 7.57283 −42.41292 0.079 0.134 0.99 FSRQ LSP 0.495 0.7 0.2 2.39 0.17 6.6 N N S Y
1FGL J0033.5−1921 RBS 76 8.39292 −19.35944 0.006 0.053 1.00 BLL HSP 0.610 2.8 0.4 1.89 0.08 17.5 N N S Y
1FGL J0035.1+1516 RX J0035.2+1515 8.81125 15.25111 0.026 0.072 1.00 BLL HSP · · · 1.5 0.3 1.64 0.14 10.9 N N S Y
1FGL J0038.4−2504 PKS 0035−252 9.56137 −24.98394 0.100 0.128 0.98 FSRQ LSP 1.196 1.0 0.3 2.45 0.13 9.3 Y N S Y
1FGL J0041.9+2318 PKS 0039+230 10.51896 23.33367 0.043 0.201 0.98 FSRQ · · · 1.426 0.8 0.3 2.52 0.17 5.0 N N S Y
1FGL J0045.3+2127 BZB J0045+2127 11.33042 21.46113 0.009 0.029 1.00 BLL HSP · · · 2.1 0.3 1.84 0.12 14.6 N N S Y
1FGL J0047.3−2512 NGC 253 11.88806 −25.28812 0.097 0.176 1.00 AGN · · · 0.001 0.7 0.2 2.15 0.17 6.2 N N S Y
1FGL J0048.0−8412 PKS 0044−84 11.11192 −84.37781 0.191 0.229 0.96 FSRQ · · · 1.032 1.3 0.0 2.69 0.17 5.6 N N S Y
1FGL J0048.0−8412 PKS 0044−84 11.11192 −84.37781 0.191 0.229 0.96 FSRQ · · · 1.032 1.3 0.0 2.69 0.17 5.6 N N S Y
1FGL J0049.8−5738 PKS 0047−579 12.49775 −57.64067 0.019 0.070 1.00 FSRQ LSP 1.797 0.6 0.2 2.42 0.16 8.3 N N S Y
1FGL J0050.0−0446 PKS 0047−051 12.58971 −4.87242 0.119 0.184 0.98 FSRQ · · · 0.920 0.7 0.3 2.34 0.18 5.6 N N S Y
1FGL J0050.2+0235 PKS 0047+023 12.43017 2.61772 0.125 0.116 0.98 BLL · · · · · · 0.5 0.3 2.27 0.19 5.6 N N S Y
1FGL J0050.6−0928 PKS 0048−09 12.67217 −9.48478 0.008 0.064 1.00 BLL ISP · · · 4.5 0.5 2.20 0.05 27.4 Y N S Y
1FGL J0051.1−0649 PKS 0048−071 12.78421 −6.83394 0.016 0.105 1.00 FSRQ LSP 1.975 1.9 0.3 2.36 0.09 12.8 Y N S Y
1FGL J0058.0+3314 CRATES J0058+3311 14.63363 33.18811 0.104 0.110 0.95 BLL · · · 1.371 1.7 0.3 2.33 0.11 10.5 Y N S Y
1FGL J0058.4−3235 PKS 0055−328 14.50925 −32.57286 0.078 0.132 0.99 BLL · · · · · · 0.8 0.2 2.31 0.15 7.0 N N S Y
1FGL J0100.2+0747 CRATES J0100+0745 15.08662 7.76428 0.048 0.047 0.97 Unknown · · · · · · 2.6 0.4 1.86 0.09 15.9 Y N S Y
1FGL J0102.2+4223 CRATES J0102+4214 15.61313 42.23861 0.154 0.192 0.93 FSRQ · · · 0.874 0.6 0.3 2.74 0.15 7.8 N N S Y
1FGL J0104.4−2406 PKS 0102−245 16.24250 −24.27456 0.212 0.235 0.94 FSRQ · · · 1.747 1.0 0.0 2.28 0.20 4.5 N N S Y
Note. — The first page of the table is shown here. The full table is available in machine-readable form in the electronic version.
aJ2000 coordinate of the associated AGN.
bAngular separation, in degrees, between the 1FGL source position and the position of the associated AGN.
cθ95 ≡
√
θ1θ2, where θ1 and θ2 are the semimajor and semiminor axes (in degrees) of the γ-ray 95% confidence region.
dγ-ray properties from the 1FGL catalog. F35: The photon flux in units of 10
−9 photons cm−2 s−1 for 1-100 GeV. ∆F35: 1σ uncertainty on F35 in the same units. An entry of “0.0” indicates
that the value of F35 is an upper limit. Γ: Photon number spectral index. ∆Γ: 1σ uncertainty on Γ. σ: Detection significance. Var.?: “Y” indicates a probability < 1% that the source is steady.
Curv.?: “Y” indicates a probability < 1% that a simple power law is a good fit to the spectrum.
eThe codes in this column provide information on multiple associations for a given 1FGL source. S: the 1FGL source is associated with exactly one AGN. MM: the 1FGL source is associated
with at least two AGNs with high confidence (P > 0.80). Mm: the 1FGL source is associated with at least one AGN with high confidence (P > 0.80) and at least one AGN with lower confidence
(0.50 < P < 0.80). mm: the 1FGL source is associated with at least two AGNs with lower confidence (0.50 < P < 0.80).
f“Y” indicates that the source is in the clean sample, defined in Section 3.2.1.
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Table 2. AGN associations for low-latitude (|b| < 10◦) 1FGL sources
1FGL name Associated AGN RAa DECa Ang. sep.b θ95
c Assoc. prob. Opt. class SED class z F35
d ∆F35
d Γd ∆Γd σd Var.?d Curv.?d Notee
1FGL J0035.9+5951 1ES 0033+595 8.96935 59.83461 0.020 0.028 1.00 BLL · · · · · · 3.2 0.5 1.95 0.20 13.0 N N S
1FGL J0046.8+5658 VCS1 J0047+5657 11.75179 56.96178 0.023 0.115 0.99 Unknown · · · · · · 2.3 0.4 2.27 0.17 7.5 N N S
1FGL J0102.8+5827 TXS 0059+581 15.69068 58.40309 0.064 0.079 0.99 FSRQ · · · 0.644 4.2 0.5 2.38 0.13 16.3 Y N S
1FGL J0110.0+6806 4C +67.04 17.55364 68.09478 0.021 0.074 1.00 Unknown · · · · · · 2.0 0.5 2.35 0.21 8.5 N N S
1FGL J0254.2+5107 TXS 0250+508 43.49003 51.04902 0.089 0.114 0.99 Unknown · · · · · · 2.3 0.5 2.42 0.22 9.3 N N S
1FGL J0303.1+4711 4C +47.08 45.89684 47.27119 0.109 0.149 1.00 BLL · · · · · · 1.4 0.4 2.56 0.15 6.8 N N S
1FGL J0334.3+6536 RX J0333.9+6537 53.48641 65.61561 0.047 0.094 0.99 Unknown · · · · · · 1.3 0.5 2.19 0.22 4.1 N N S
1FGL J0419.0+3811 3C 111 64.58866 38.02661 0.214 0.255 0.87 AGN · · · 0.049 1.5 0.5 2.61 0.22 4.3 N N S
1FGL J0423.8+4148 4C +41.11 65.98337 41.83409 0.025 0.031 1.00 Unknown · · · · · · 3.5 0.5 1.87 0.07 15.2 N N S
1FGL J0521.7+2114 RX J0521.7+2112 80.44152 21.21429 0.021 0.030 1.00 Unknown · · · · · · 5.5 0.6 1.94 0.18 21.1 N N S
1FGL J0533.0+4825 RX J0533.2+4823 83.31611 48.38134 0.054 0.110 1.00 FSRQ · · · 1.162 2.3 0.4 2.43 0.35 10.3 Y N S
1FGL J0648.7−1740 TXS 0646−176 102.11874 −17.73484 0.092 0.107 0.99 FSRQ · · · 1.232 2.5 0.5 2.47 0.15 10.8 Y N S
1FGL J0650.6−1635 PKS 0648−16 102.60242 −16.62770 0.075 0.151 0.98 Unknown · · · · · · 1.4 0.4 2.46 0.17 5.8 N N S
1FGL J0656.2−0321 OH −090 104.04634 −3.38522 0.034 0.077 1.00 Unknown · · · · · · 3.9 0.6 2.59 0.11 16.1 Y N S
1FGL J0702.2−1954 TXS 0700−197 105.67875 −19.85612 0.120 0.159 0.96 Unknown · · · · · · 1.7 0.4 1.92 0.16 4.2 N N S
1FGL J0721.4+0401 RX J0721.3+0406 110.34963 4.11228 0.083 0.125 0.98 Unknown · · · · · · 0.8 0.3 2.68 0.17 6.8 N N S
1FGL J0725.9−0053 PKS 0723−008 111.46100 −0.91571 0.043 0.077 1.00 BLL · · · 0.128 0.6 0.3 2.30 0.08 6.1 N N S
1FGL J0730.3−1141 PKS 0727−11 112.57963 −11.68683 0.013 0.022 1.00 FSRQ · · · 1.591 20.7 1.0 2.33 0.14 67.6 Y N S
1FGL J0754.4−1147 OI −187 118.61024 −11.78804 0.009 0.068 1.00 Unknown · · · · · · 1.9 0.4 2.10 0.13 10.5 N N S
1FGL J0825.8−2230 PKS 0823−223 126.50655 −22.50756 0.036 0.038 1.00 BLL · · · · · · 5.3 0.5 2.14 0.17 26.5 N N S
1FGL J0825.9−3216 PKS 0823−321 126.46405 −32.30645 0.036 0.110 1.00 Unknown · · · · · · 1.4 0.4 2.68 0.12 8.8 Y N S
1FGL J0827.9−3738 PKS B0826−373 127.01992 −37.51841 0.134 0.194 0.96 Unknown · · · · · · 1.7 0.6 2.68 0.17 5.7 Y N S
1FGL J0845.0−5459 PMN J0845−5458 131.26034 −54.96904 0.020 0.101 0.99 Unknown · · · · · · 1.9 0.4 2.24 0.17 7.7 N N S
1FGL J0849.6−3540 VCS2 J0849−3541 132.44010 −35.68369 0.023 0.152 0.98 Unknown · · · · · · 1.9 0.4 2.40 0.16 6.0 N N S
1FGL J0905.1−5736 PKS 0903−57 136.22158 −57.58494 0.041 0.068 1.00 FSRQ · · · 0.695 1.8 0.4 2.36 0.18 7.5 Y N S
1FGL J1103.9−5355 PKS 1101−536 165.96759 −53.95019 0.019 0.041 1.00 Unknown · · · · · · 6.1 0.6 2.05 0.19 19.5 Y N S
1FGL J1122.9−6415 PMN J1123−6417 170.83090 −64.29339 0.059 0.088 0.99 Unknown · · · · · · 2.4 0.0 2.48 0.05 4.7 Y N S
1FGL J1307.3−6701 PKS 1304−668 197.07240 −67.11812 0.129 0.152 0.92 Unknown · · · · · · 1.4 0.5 2.57 0.09 5.3 Y N S
1FGL J1327.0−5257 PMN J1326−5256 201.70512 −52.93990 0.040 0.061 1.00 Unknown · · · · · · 5.2 0.6 2.33 0.11 19.2 Y N S
1FGL J1329.2−5605 PMN J1329−5608 202.25477 −56.13407 0.055 0.095 1.00 Unknown · · · · · · 4.1 0.6 2.56 0.15 15.1 Y N S
1FGL J1330.7−7006 PKS 1326−697 202.54615 −70.05363 0.072 0.114 0.99 Unknown · · · · · · 1.5 0.4 2.46 0.09 8.3 Y N S
1FGL J1400.9−5559 PMN J1400−5605 210.17407 −56.08210 0.092 0.122 0.99 Unknown · · · · · · 2.4 0.5 2.62 0.15 9.1 Y N S
1FGL J1514.1−4745 PMN J1514−4748 228.66677 −47.80829 0.106 0.124 0.98 Unknown · · · · · · 1.2 0.4 2.29 0.20 5.7 N N S
1FGL J1603.8−4903 PMN J1603−4904 240.96119 −49.06820 0.007 0.027 1.00 Unknown · · · · · · 13.4 1.1 2.12 0.14 26.8 N Y S
1FGL J1604.7−4443 PMN J1604−4441 241.12925 −44.69221 0.046 0.066 1.00 Unknown · · · · · · 7.7 0.8 2.46 0.04 22.2 Y N S
Note. — The first page of the table is shown here. The full table is available in machine-readable form in the electronic version.
aJ2000 coordinate of the associated AGN.
bAngular separation, in degrees, between the 1FGL source position and the position of the associated AGN.
cθ95 ≡
√
θ1θ2, where θ1 and θ2 are the semimajor and semiminor axes (in degrees) of the γ-ray 95% confidence region.
dγ-ray properties from the 1FGL catalog. F35: The photon flux in units of 10
−9 photons cm−2 s−1 for 1-100 GeV. ∆F35: 1σ uncertainty on F35 in the same units. An entry of “0.0” indicates
that the value of F35 is an upper limit. Γ: Photon number spectral index. ∆Γ: 1σ uncertainty on Γ. σ: Detection significance. Var.?: “Y” indicates a probability < 1% that the source is steady.
Curv.?: “Y” indicates a probability < 1% that a simple power law is a good fit to the spectrum.
eThe codes in this column provide information on multiple associations for a given 1FGL source. S: the 1FGL source is associated with exactly one AGN. MM: the 1FGL source is associated
with at least two AGNs with high confidence (P > 0.80). Mm: the 1FGL source is associated with at least one AGN with high confidence (P > 0.80) and at least one AGN with lower confidence
(0.50 < P < 0.80). mm: the 1FGL source is associated with at least two AGNs with lower confidence (0.50 < P < 0.80).
–
63
–
Table 3. AGN “affiliations” for 1FGL sources
1FGL name Associated AGN RAa DECa Ang. sep.b θ95
c Opt. class SED class z F35
d ∆F35
d Γd ∆Γd σd Var.?d Curv.?d
1FGL J0016.6+1706 CRATES J0015+1700 3.91662 17.01128 0.247 0.193 FSRQ · · · 1.716 0.5 0.3 2.57 0.20 4.7 N N
1FGL J0022.2−1850 1RXS J002209.2−185333 5.53800 −18.89248 0.054 0.111 Unknown HSP · · · 1.1 0.3 1.56 0.14 9.4 N N
1FGL J0024.6+0346 CLASS J0024+0349 6.18841 3.81766 0.045 0.099 FSRQ · · · 0.545 0.9 0.3 2.33 0.12 8.9 Y N
1FGL J0038.0+1236 FRBA J0037+1238 9.46180 12.63863 0.060 0.098 Unknown · · · · · · 0.7 0.3 2.30 0.18 7.0 N N
1FGL J0043.6+3424 CLASS J0043+3426 10.95352 34.44059 0.042 0.063 Unknown · · · · · · 1.7 0.3 2.09 0.10 12.4 N N
1FGL J0048.0+2232 CLASS J0048+2235 12.01092 22.59006 0.050 0.089 FSRQ · · · 1.156 1.5 0.3 2.39 0.09 13.5 Y N
1FGL J0051.4−6242 RBS 119 12.81952 −62.70120 0.025 0.067 Unknown · · · · · · 1.8 0.3 1.68 0.12 12.0 N N
1FGL J0054.9−2455 FRBA J0054−2455 13.69480 −24.92519 0.035 0.078 Unknown HSP · · · 0.7 0.2 1.95 0.22 5.2 N N
1FGL J0110.0−4023 RBS 158 17.48483 −40.34794 0.051 0.079 Unknown HSP · · · 0.8 0.0 1.34 0.32 4.2 N N
1FGL J0115.7+0357 CLASS J0115+0356 18.91880 3.94536 0.021 0.076 BLL · · · · · · 1.4 0.3 2.07 0.15 8.7 N N
1FGL J0124.6−0616 AT20G J0124−0625 21.21033 −6.41722 0.146 0.163 BLL · · · · · · 0.6 0.3 2.20 0.17 5.5 N N
1FGL J0134.4+2632 RX J0134.4+2638 23.61779 26.64588 0.103 0.155 Unknown HSP · · · 0.9 0.3 2.26 0.16 6.6 N N
1FGL J0157.0−5259 RBS 259 29.23839 −53.03285 0.049 0.100 Unknown · · · · · · 0.8 0.2 1.85 0.20 7.6 N N
1FGL J0217.9−6630 CRATES J0216−6636 34.21187 −66.61169 0.153 0.108 BLL · · · · · · 0.9 0.3 1.94 0.17 7.0 N N
1FGL J0226.3+0937 FRBA J0226+0937 36.55704 9.62398 0.034 0.133 Unknown · · · · · · 0.9 0.3 1.99 0.17 6.4 N N
1FGL J0256.9+2920 FRBA J0256+2924 44.22623 29.41500 0.066 0.105 AGN · · · 0.190 0.6 0.3 1.69 0.30 4.2 N N
1FGL J0315.6−5109 AT20G J0314−5104 48.60733 −51.07547 0.218 0.314 BLL · · · · · · 0.7 0.3 2.60 0.20 6.0 N N
1FGL J0318.1+0254 CLASS J0317+0248 49.44965 2.81183 0.135 0.165 FSRQ · · · 0.748 0.8 0.3 2.20 0.18 4.1 N N
1FGL J0333.7+2919 FRBA J0333+2916 53.45420 29.27542 0.057 0.044 Unknown ISP · · · 1.0 0.3 1.57 0.21 6.5 N N
1FGL J0342.2+3859 CLASS J0342+3859 55.56779 38.98507 0.012 0.102 FSRQ · · · 0.945 1.1 0.0 2.17 0.29 4.7 N N
1FGL J0401.3−3152 PKS 0400−319 60.58863 −31.79053 0.232 0.155 FSRQ · · · 1.288 0.6 0.3 2.37 0.17 6.0 N N
1FGL J0445.2−6008 AT20G J0445−6015 71.25667 −60.25006 0.105 0.169 AGN · · · 0.097 0.8 0.3 1.98 0.29 4.6 N N
1FGL J0506.9−5435 RBS 621 76.74127 −54.58422 0.014 0.058 Unknown · · · · · · 1.0 0.0 1.42 0.31 6.7 N N
1FGL J0515.2+7355 CLASS J0516+7351 79.12993 73.85240 0.115 0.167 BLL · · · 0.249 0.7 0.3 2.04 0.25 5.0 N N
1FGL J0515.9+1528 CLASS J0515+1527 78.94732 15.45461 0.032 0.069 BLL · · · · · · 1.2 0.4 2.01 0.18 8.4 N N
1FGL J0517.6+0857 CLASS J0517+0858 79.41693 8.97661 0.025 0.109 FSRQ · · · 0.328 1.1 0.4 2.58 0.12 8.5 N N
1FGL J0537.7−5717 PKS 0541−834 84.45325 −57.30806 0.014 0.073 FSRQ · · · · · · 1.0 0.0 1.81 0.42 6.1 N N
1FGL J0538.4−3910 1RXS J053810.0−390839 84.54304 −39.14562 0.059 0.077 Unknown HSP · · · 1.3 0.3 2.16 0.12 9.0 N N
1FGL J0541.9−0204 CRATES J0541−0154 85.47800 −2.07800 0.011 0.075 Unknown · · · · · · 1.5 0.6 2.30 0.12 6.0 N N
1FGL J0600.5−2006 CRATES J0601−2004 90.47012 −20.07922 0.303 0.260 FSRQ · · · 1.216 0.7 0.3 2.41 0.15 6.2 N N
1FGL J0603.0−4012 1WGA J0602.8−4018 90.71162 −40.31417 0.109 0.143 Unknown · · · · · · 1.2 0.3 2.25 0.16 5.6 N N
1FGL J0604.2−4817 1ES 0602−482 91.03918 −48.29059 0.011 0.062 Unknown · · · · · · 1.1 0.3 2.12 0.16 7.2 N N
1FGL J0605.1+0005 CLASS J0604+0000 91.24341 0.01204 0.100 0.129 Unknown · · · · · · 1.1 0.3 1.94 0.23 5.4 N N
1FGL J0608.1−0630 CRATES J0609−0615 92.41654 −6.25161 0.457 0.306 Unknown · · · · · · 1.8 0.5 2.54 0.10 8.1 N Y
1FGL J0609.3−0244 NVSS J060915−024754 92.31252 −2.79840 0.065 0.096 Unknown HSP · · · 1.2 0.3 2.02 0.20 5.9 N N
1FGL J0622.2+3751 CLASS J0621+3750 95.49016 37.84916 0.058 0.131 Unknown · · · · · · 2.0 0.4 2.36 0.09 10.2 N Y
1FGL J0706.5+3744 CLASS J0706+3744 106.63207 37.74344 0.007 0.063 BLL HSP · · · 1.1 0.3 2.01 0.15 8.2 N N
1FGL J0707.3+7742 FRBA J0706+7741 106.71367 77.69349 0.027 0.088 Unknown · · · · · · 1.4 0.3 2.30 0.13 10.5 N N
1FGL J0723.6+2908 CLASS J0723+2859 110.97850 28.99163 0.165 0.215 Unknown · · · · · · 0.9 0.3 2.10 0.17 5.8 Y N
Note. — The first page of the table is shown here. The full table is available in machine-readable form in the electronic version.
aJ2000 coordinate of the associated AGN.
bAngular separation, in degrees, between the 1FGL source position and the position of the associated AGN.
cθ95 ≡
√
θ1θ2, where θ1 and θ2 are the semimajor and semiminor axes (in degrees) of the γ-ray 95% confidence region.
dγ-ray properties from the 1FGL catalog. F35: The photon flux in units of 10
−9 photons cm−2 s−1 for 1-100 GeV. ∆F35: 1σ uncertainty on F35 in the same units. An entry of “0.0”
indicates that the value of F35 is an upper limit. Γ: Photon number spectral index. ∆Γ: 1σ uncertainty on Γ. σ: Detection significance. Var.?: “Y” indicates a probability < 1% that the
source is steady. Curv.?: “Y” indicates a probability < 1% that a simple power law is a good fit to the spectrum.
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Table 4. Census of 1LAC sources
Number of AGNs in:
AGN type Entire 1LAC sample High-confidence samplea Clean samplea
All 709 663 599
FSRQ 296 281 248
. . . LSP 189 185 171
. . . ISP 3 2 1
. . . HSP 2 2 1
BL Lac 300 291 275
. . . LSP 69 67 62
. . . ISP 46 44 44
. . . HSP 118 117 113
Other AGN 41 30 26
Unknown 72 61 50
aSee Section 3.2.1 for the definitions of these samples.
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Table 5. Positional coincidences of 1LAC sources with TeV sources
LAT Source TeV Association RAa DECa
1FGL J0222.6+4302 3C 66A 35.8000 43.0117
1FGL J0319.7+1847 RBS 0413 49.9658 18.7594
1FGL J0416.8+0107 1ES 0414+009 64.2184 1.0901
1FGL J0449.5−4350 PKS 0447−437 72.3529 −43.8358
1FGL J0507.9+6738 1ES 0502+675 76.9842 67.6233
1FGL J0521.7+2114b VER J0521+211b 80.4792 21.1900
1FGL J0710.6+5911 RGB J0710+591 107.6254 59.1390
1FGL J0721.9+7120 S5 0716+714 110.4725 71.3433
1FGL J0809.5+5219 1ES 0806+524 122.4550 52.3161
1FGL J1015.1+4927 1ES 1011+496 153.7671 49.4336
1FGL J1103.7−2329 1ES 1101−232 165.9083 −23.4919
1FGL J1104.4+3812 Mkn 421 166.1138 38.2089
1FGL J1136.6+7009 Mkn 180 174.1100 70.1575
1FGL J1221.3+3008 1ES 1218+304 185.3413 30.1769
1FGL J1230.8+1223 M 87 187.7058 12.3911
1FGL J1221.5+2814 W Com 185.3821 28.2331
1FGL J1256.2−0547 3C 279 194.0463 −5.7894
1FGL J1325.6−4300 Cen A 201.3667 −43.0183
1FGL J1426.9+2347 PKS 1424+240 216.7516 23.8000
1FGL J1428.7+4239 H 1426+428 217.1358 42.6725
1FGL J1555.7+1111 PG 1553+113 238.9292 11.1900
1FGL J1653.9+3945 Mkn 501 253.4675 39.7600
1FGL J2000.0+6508 1ES 1959+650 299.9996 65.1486
1FGL J2009.5−4849 PKS 2005−489 302.3721 −48.8219
1FGL J2158.8−3013 PKS 2155−304 329.7196 −30.2217
1FGL J2202.8+4216 BL Lac 330.6804 42.2778
1FGL J2347.1+5142b 1ES 2344+514b 356.7700 51.7050
1FGL J2359.0−3035 H 2356−309 359.7875 −30.6228
aJ2000 coordinate, in degrees, from TeVCat
(http://tevcat.uchicago.edu/).
bThis source is at low Galactic latitude (|b| < 10◦) and is thus
not formally in the 1LAC but appears in Table 2.
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Table 6. Positional coincidences of 1LAC sources with EGRET/AGILE sources
1FGL name 3EG name EGR name GEV name 1AGL name LAT fluxa LAT ph. index 3EG fluxa EGRET ph. index Probable class
1FGL J0204.5+1516 3EG J0204+1458 EGR J0204+1505 1.79 ± 0.58 2.47 ± 0.18 23.6 ± 5.6 2.23 ± 0.28 AGN
1FGL J0210.6−5101 3EG J0210−5055 EGR J0210−5058 GEV J0210−5053 14.59 ± 0.96 2.37 ± 0.04 85.5 ± 4.5 1.99 ± 0.05 BL Lac
1FGL J0222.6+4302 3EG J0222+4253 EGR J0223+4300 GEV J0223+4254 21.45 ± 0.97 1.93 ± 0.02 18.7 ± 2.9 2.01 ± 0.14 BL Lac
1FGL J0238.6+1637 3EG J0237+1635 GEV J0237+1648 43.37 ± 1.07 2.14 ± 0.02 65.1 ± 8.8 1.85 ± 0.12 BL Lac
1FGL J0339.2−0143 3EG J0340−0201 EGR J0338−0203 4.00 ± 0.65 2.50 ± 0.10 118.8 ± 22.0 1.84 ± 0.25 FSRQ
1FGL J0416.5−1851 3EG J0412−1853 EGR J0413−1851 3.59 ± 0.58 2.37 ± 0.10 49.5 ± 16.1 3.25 ± 0.68 FSRQ
1FGL J0423.2−0118 3EG J0422−0102 13.99 ± 0.90 2.42 ± 0.04 50.2 ± 10.4 2.44 ± 0.19 FSRQ
1FGL J0433.5+2905 3EG J0433+2908 EGR J0433+2906 GEV J0433+2907 6.57 ± 0.83 2.13 ± 0.06 22.0 ± 2.8 1.90 ± 0.10 BL Lac
1FGL J0442.7−0019 3EG J0442−0033 EGR J0442−0027 GEV J0441−0044 17.27 ± 0.91 2.44 ± 0.04 79.0 ± 10.1 2.37 ± 0.18 FSRQ
1FGL J0448.6+1118 3EG J0450+1105 5.90 ± 0.88 2.51 ± 0.09 109.5 ± 19.4 2.27 ± 0.16 BL Lac
1FGL J0455.6−4618 3EG J0458−4635 6.15 ± 0.83 2.57 ± 0.09 7.7 ± 2.1 2.75 ± 0.35 FSRQ
1FGL J0457.0−2325 3EG J0456−2338 EGR J0456−2334 51.14 ± 1.07 2.21 ± 0.02 14.7 ± 4.2 3.14 ± 0.47 FSRQ
1FGL J0501.0−0200 3EG J0500−0159 3.74 ± 0.70 2.50 ± 0.11 11.2 ± 2.3 2.45 ± 0.27 FSRQ
1FGL J0509.3+0540 EGR J0509+0550 GEV J0508+0540 5.77 ± 0.73 2.16 ± 0.06 · · · · · · BL Lac
1FGL J0516.7−6207 3EG J0512−6150 5.76 ± 0.95 2.28 ± 0.09 7.2 ± 1.7 2.40 ± 0.26 XXX
1FGL J0531.0+1331 3EG J0530+1323 EGR J0530+1331 GEV J0530+1340 16.85 ± 1.28 2.64 ± 0.06 93.5 ± 3.6 2.46 ± 0.04 FSRQ
1FGL J0538.8−4404 3EG J0540−4402 EGR J0540−4358 GEV J0540−4359 1AGL J0538−4424 37.77 ± 1.06 2.27 ± 0.02 25.3 ± 3.1 2.41 ± 0.12 BL Lac
1FGL J0540.9−0547 3EG J0542−0655 3.73 ± 1.01 2.37 ± 0.12 66.5 ± 19.5 · · · FSRQ
1FGL J0721.9+7120 3EG J0721+7120 EGR J0723+7134 GEV J0719+7133 1AGL J0722+7125 17.26 ± 0.75 2.15 ± 0.03 17.8 ± 2.0 2.19 ± 0.11 BL Lac
1FGL J0738.2+1741 3EG J0737+1721 EGR J0737+1720 4.60 ± 0.48 2.02 ± 0.06 16.4 ± 3.3 2.60 ± 0.28 BL Lac
1FGL J0742.2+5443 3EG J0743+5447 EGR J0743+5438 5.22 ± 0.75 2.45 ± 0.09 30.3 ± 5.0 2.03 ± 0.20 FSRQ
1FGL J0830.5+2407 3EG J0829+2413 EGR J0829+2415 8.35 ± 0.84 2.79 ± 0.09 24.9 ± 3.9 2.42 ± 0.21 FSRQ
1FGL J0831.6+0429 EGR J0829+0510 7.35 ± 0.76 2.50 ± 0.07 · · · · · · BL Lac
1FGL J0842.2+7054 3EG J0845+7049 8.06 ± 1.04 2.98 ± 0.12 10.2 ± 1.8 2.62 ± 0.16 FSRQ
1FGL J0850.0−1213 3EG J0852−1216 EGR J0852−1224 5.02 ± 0.64 2.27 ± 0.07 44.4 ± 11.6 1.58 ± 0.58 FSRQ
1FGL J0854.8+2006 3EG J0853+1941 EGR J0853+2015 7.03 ± 0.82 2.38 ± 0.07 10.6 ± 3.0 2.03 ± 0.35 BL Lac
1FGL J0957.7+5523 EGR J0957+5513 GEV J0956+5508 11.39 ± 0.62 2.05 ± 0.03 · · · · · · FSRQ
1FGL J1000.1+6539 3EG J0958+6533 EGR J0956+6524 2.59 ± 0.67 2.51 ± 0.16 15.4 ± 3.0 2.08 ± 0.24 BL Lac
1FGL J1104.4+3812 3EG J1104+3809 EGR J1104+3813 GEV J1104+3809 1AGL J1104+3754 16.93 ± 0.58 1.81 ± 0.02 13.9 ± 1.8 1.57 ± 0.15 BL Lac
1FGL J1133.1+0033 3EG J1133+0033 2.71 ± 0.53 2.18 ± 0.11 10.6 ± 3.0 2.73 ± 0.63 BL Lac
1FGL J1159.4+2914 3EG J1200+2847 GEV J1201+2906 12.24 ± 0.74 2.37 ± 0.04 50.9 ± 11.9 1.98 ± 0.22 FSRQ
1FGL J1221.5+2814 1AGL J1222+2851 7.82 ± 0.61 2.06 ± 0.04 · · · · · · BL Lac
1FGL J1224.7+2121 3EG J1224+2118 8.07 ± 0.75 2.55 ± 0.07 13.9 ± 1.8 2.28 ± 0.13 FSRQ
1FGL J1225.8+4336 3EG J1227+4302 2.82 ± 0.69 2.81 ± 0.18 21.7 ± 7.1 · · · XXX
1FGL J1229.1+0203 3EG J1229+0210 EGR J1229+0203 1AGL J1228+0142 55.30 ± 1.48 2.75 ± 0.03 15.4 ± 1.8 2.58 ± 0.09 FSRQ
1FGL J1239.5+0443 EGR J1237+0434 1AGL J1238+0406 8.41 ± 0.75 2.35 ± 0.06 · · · · · · FSRQ
1FGL J1256.2−0547 3EG J1255−0549 EGR J1256−0552 GEV J1256−0546 1AGL J1256−0549 68.84 ± 1.37 2.32 ± 0.02 179.7 ± 6.7 1.96 ± 0.04 FSRQ
1FGL J1258.7−2221 EGR J1259−2209 5.66 ± 0.80 2.39 ± 0.08 · · · · · · FSRQ
1FGL J1321.1+2214 3EG J1323+2200 1.62 ± 0.50 2.21 ± 0.15 18.1 ± 4.0 1.86 ± 0.35 FSRQ
1FGL J1325.6−4300 3EG J1324−4314 20.40 ± 1.47 2.71 ± 0.06 13.6 ± 2.5 2.58 ± 0.26 AGN
1FGL J1337.7−1255 EGR J1337−1310 7.21 ± 1.12 2.50 ± 0.09 · · · · · · FSRQ
1FGL J1408.9−0751 3EG J1409−0745 EGR J1409−0736 GEV J1409−0741 5.21 ± 0.71 2.42 ± 0.08 97.6 ± 9.1 2.29 ± 0.11 FSRQ
1FGL J1422.7+3743 3EG J1424+3734 EGR J1424+3730 2.36 ± 0.72 2.63 ± 0.19 16.3 ± 4.9 3.25 ± 0.46 BL Lac
1FGL J1428.2−4204 3EG J1429−4217 EGR J1428−4240 6.70 ± 0.82 2.31 ± 0.07 29.5 ± 5.3 2.13 ± 0.21 FSRQ
1FGL J1457.5−3540 3EG J1500−3509 33.27 ± 1.18 2.27 ± 0.02 10.9 ± 2.8 2.99 ± 0.37 FSRQ
1FGL J1503.5−1544 3EG J1504−1537 EGR J1504−1539 0.76 ± 0.38 1.74 ± 0.19 33.2 ± 10.3 · · · BL Lac
1FGL J1505.1−3435 3EG J1500−3509 1.11 ± 0.54 2.02 ± 0.19 10.9 ± 2.8 2.99 ± 0.37 XXX
1FGL J1512.8−0906 3EG J1512−0849 EGR J1512−0857 1AGL J1511−0908 127.10 ± 1.85 2.41 ± 0.01 18.0 ± 3.8 2.47 ± 0.21 FSRQ
1FGL J1607.1+1552 3EG J1605+1553 EGR J1607+1533 3.86 ± 0.59 2.25 ± 0.08 42.0 ± 12.3 2.06 ± 0.41 AGN
1FGL J1609.0+1031 3EG J1608+1055 EGR J1608+1051 6.19 ± 0.87 2.72 ± 0.10 34.9 ± 5.6 2.63 ± 0.24 FSRQ
1FGL J1613.5+3411 3EG J1614+3424 GEV J1613+3432 1.02 ± 0.48 2.29 ± 0.22 26.5 ± 4.0 2.42 ± 0.15 FSRQ
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Table 6—Continued
1FGL name 3EG name EGR name GEV name 1AGL name LAT fluxa LAT ph. index 3EG fluxa EGRET ph. index Probable class
1FGL J1625.7−2524 3EG J1626−2519 GEV J1626−2502 10.53 ± 1.42 2.36 ± 0.06 42.6 ± 6.6 2.21 ± 0.13 FSRQ
1FGL J1626.2−2956 3EG J1625−2955 EGR J1625−2958 GEV J1626−2955 5.02 ± 0.94 2.36 ± 0.10 258.9 ± 15.3 2.07 ± 0.07 FSRQ
1FGL J1635.0+3808 3EG J1635+3813 GEV J1636+3812 19.21 ± 1.17 2.47 ± 0.04 107.5 ± 9.6 2.15 ± 0.09 FSRQ
1FGL J1635.4+8228 3EG J1621+8203 3.78 ± 0.71 2.50 ± 0.12 10.4 ± 3.0 2.29 ± 0.49 AGN
1FGL J1702.7−6217 3EG J1659−6251 4.74 ± 1.04 2.54 ± 0.13 47.0 ± 13.1 2.54 ± 0.37 FSRQ
1FGL J1728.2+0431 3EG J1727+0429 EGR J1727+0416 6.66 ± 1.05 2.65 ± 0.11 17.9 ± 4.1 2.67 ± 0.26 FSRQ
1FGL J1733.0−1308 3EG J1733−1313 8.73 ± 1.12 2.34 ± 0.07 36.1 ± 3.4 2.23 ± 0.10 FSRQ
1FGL J1740.0+5209 3EG J1738+5203 EGR J1740+5213 17.20 ± 1.03 2.71 ± 0.05 18.2 ± 3.5 2.42 ± 0.23 FSRQ
1FGL J1849.3+6705 1AGL J1846+6714 24.24 ± 0.89 2.25 ± 0.03 · · · · · · FSRQ
1FGL J1911.2−2007 3EG J1911−2000 EGR J1912−2000 12.37 ± 1.07 2.42 ± 0.05 17.5 ± 2.7 2.39 ± 0.18 FSRQ
1FGL J2006.6−2302 3EG J2006−2321 7.16 ± 0.95 2.68 ± 0.10 19.8 ± 4.4 2.33 ± 0.36 FSRQ
1FGL J2009.5−4849 GEV J2009−4827 3.94 ± 0.49 1.90 ± 0.06 · · · · · · BL Lac
1FGL J2025.6−0735 3EG J2025−0744 GEV J2024−0812 1AGL J2026−0732 29.15 ± 1.18 2.35 ± 0.03 74.5 ± 13.4 2.38 ± 0.17 FSRQ
1FGL J2031.5+1219 EGR J2032+1226 4.06 ± 0.90 2.41 ± 0.12 · · · · · · BL Lac
1FGL J2035.4+1100 3EG J2036+1132 7.74 ± 1.11 2.68 ± 0.10 13.3 ± 3.1 2.83 ± 0.26 FSRQ
1FGL J2056.3−4714 3EG J2055−4716 17.00 ± 1.03 2.54 ± 0.05 23.6 ± 6.0 2.04 ± 0.35 FSRQ
1FGL J2158.8−3013 3EG J2158−3023 EGR J2200−3015 21.44 ± 0.70 1.91 ± 0.02 30.4 ± 7.7 2.35 ± 0.26 BL Lac
1FGL J2202.8+4216 3EG J2202+4217 EGR J2204+4225 16.81 ± 1.01 2.38 ± 0.04 39.9 ± 11.6 2.60 ± 0.28 BL Lac
1FGL J2212.1+2358 3EG J2209+2401 1.19 ± 0.50 2.13 ± 0.19 14.6 ± 4.2 2.48 ± 0.50 FSRQ
1FGL J2212.9+0654 EGRc J2215+0653 3.01 ± 0.61 2.33 ± 0.11 · · · · · · FSRQ
1FGL J2232.5+1144 3EG J2232+1147 14.70 ± 0.97 2.56 ± 0.05 19.2 ± 2.8 2.45 ± 0.14 FSRQ
1FGL J2235.7−4817 EGR J2233−4812 2.02 ± 0.56 2.43 ± 0.17 · · · · · · FSRQ
1FGL J2253.9+1608 3EG J2254+1601 EGR J2253+1606 GEV J2253+1622 1AGL J2254+1602 136.81 ± 1.74 2.47 ± 0.01 53.7 ± 4.0 2.21 ± 0.06 FSRQ
1FGL J2258.0−2757 EGR J2258−2745 5.61 ± 0.85 2.67 ± 0.10 · · · · · · FSRQ
1FGL J2323.5−0315 3EG J2321−0328 6.05 ± 0.80 2.45 ± 0.08 38.2 ± 10.1 · · · FSRQ
aIn units of 10−8 photons cm−2 s−1.
Note. — Associated sources from the 3rd EGRET (3EG; Hartman et al. 1999), Revised EGRET (EGR; Casandjian & Grenier 2008), High-energy EGRET (GEV; Lamb & Macomb 1997), and
one-year AGILE (1AGL; Pittori et al. 2009) catalogs. The LAT and EGRET fluxes and spectral indices are also provided.
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Table 7. Positional associations with hard X-ray sources
LAT Source Hard X-ray Source RAa DECa Type
1FGL J0217.8+7353 1ES 0212+735 34.32489 73.822807 FSRQ
1FGL J0319.7+4130 NGC 1275 49.950871 41.501099 AGN
1FGL J0325.0+3403 B2 0321+33B 51.18626 34.176857 AGN
1FGL J0334.2+3233 NRAO 140 54.128605 32.305359 FSRQ
1FGL J0405.6−1309 PKS 0403−13 61.39616 −13.142807 FSRQ
1FGL J0522.8−3632 PKS 0521−36 80.746483 −36.458878 BLL
1FGL J0531.0+1331 PKS 0528+134 82.754601 13.562002 FSRQ
1FGL J0538.8−4404 PKS 0537−441 84.750519 −44.104771 BLL
1FGL J0539.1−2847 PKS 0537−286 84.951698 −28.645336 FSRQ
1FGL J0636.1−7521 PKS 0637−75 99.080544 −75.244789 FSRQ
1FGL J0710.6+5911 BZB J0710+5908 107.664192 59.14875 BLL
1FGL J0746.6+2548 B2 0743+25 116.609474 25.811897 FSRQ
1FGL J0750.6+1235 PKS 0748+126 117.666161 12.520621 FSRQ
1FGL J0806.2+6148 CGRaBS J0805+6144 121.314117 61.73798 FSRQ
1FGL J0842.2+7054 4C +71.07 130.395554 70.889877 FSRQ
1FGL J0949.0+0021 CGRaBS J0948+0022 147.228745 0.350572 FSRQ
1FGL J0956.5+6938 M 82 148.94429 69.694511 AGN
1FGL J1048.7+8054 CGRaBS J1044+8054 161.060471 80.926788 FSRQ
1FGL J1103.7−2329 CRATES J1103−2329 165.899918 −23.477991 BLL
1FGL J1104.4+3812 Mkn 421 166.116058 38.208893 BLL
1FGL J1130.2−1447 PKS 1127-14 172.528671 −14.813811 FSRQ
1FGL J1136.2+6739 BZB J1136+6737 174.020081 67.657433 BLL
1FGL J1221.3+3008 B2 1218+30 185.328064 30.148579 BLL
1FGL J1222.5+0415 4C +04.42 185.589111 4.235839 FSRQ
1FGL J1224.7+2121 4C +21.35 186.224121 21.383167 FSRQ
1FGL J1229.1+0203 3C 273 187.27565 2.043433 FSRQ
1FGL J1256.2−0547 3C 279 194.041 −5.803322 FSRQ
1FGL J1305.4−4928 NGC 4945 196.353302 −49.473759 AGN
1FGL J1307.0−4030 ESO 323-G77 196.643127 −40.422039 AGN
1FGL J1325.6−4300 Cen A 201.362106 −43.026054 AGN
1FGL J1331.9−0506 PKS 1329−049 203.010651 −5.174589 FSRQ
1FGL J1417.8+2541 2E 1415+2557 214.479584 25.733086 BLL
1FGL J1428.7+4239 1ES 1426+428 217.147217 42.666458 BLL
1FGL J1442.8+1158 1ES 1440+122 220.704819 12.045237 BLL
1FGL J1512.8−0906 PKS 1510−08 228.205551 −9.086402 FSRQ
1FGL J1517.8−2423 AP Lib 229.457718 −24.370974 BLL
1FGL J1555.7+1111 PG 1553+113 238.886841 11.209181 BLL
1FGL J1626.2−2956 PKS 1622−29 246.539917 −29.818855 FSRQ
1FGL J1653.9+3945 Mkn 501 253.446915 39.768932 BLL
1FGL J1829.8+4845 3C 380 277.403839 48.753803 AGN
1FGL J1925.2−2919 PKS B1921−293 291.157959 −29.235388 FSRQ
1FGL J1938.2−3957 PKS 1933−400b 294.294 −39.932 FSRQ
1FGL J2000.0+6508 1ES 1959+650 299.94632 65.150742 BLL
1FGL J2148.5+0654 4C +06.69 327.031952 6.948918 FSRQ
1FGL J2202.8+4216 BL Lac 330.72821 42.273628 BLL
1FGL J2229.7−0832 PKS 2227−08 337.407898 −8.519718 FSRQ
1FGL J2232.5+1144 CTA 102 338.135529 11.73317 FSRQ
1FGL J2253.9+1608 3C 454.3 343.483856 16.153084 FSRQ
1FGL J2327.7+0943 PKS 2325+093 351.892822 9.633142 FSRQ
1FGL J2359.0−3035 1H 2351−315 359.779633 −30.594545 BLL
aJ2000 coordinate, in degrees, from the 54-month Palermo BAT catalog where available
or from the fourth IBIS catalog otherwise.
bHard X-ray source found only in the fourth IBIS catalog.
